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Description 
TECHNICAL FIELD 

s [0001] The present invention relates to a retarder used for an optical head device for recording or reproducing infor- 
mation by irradiating light to an optical recording medium and an optical head device installing the retarder. 

BACKGROUND ART 

10 [0002] An optical head device provided with an optical element such as a retarder, a diffraction element and so on 
has been used in order to write (hereinbelow, referred to as record) information in an optical recording medium such 
as an optical disk, e.g., CD, DVD or the like, or a magneto-optical disk (hereinbelow, referred to as an optical disk), or 
read out (hereinbelow, referred to as reproduce) information from the optical recording medium. 
[0003] The optical head device is to introduce laser light emitted from a semiconductor laser light source to the optical 

15 disk by converging the laser light by means of an objective lens, and to detect information recorded in the optical disk 
by receiving reflected light from the optical disk by a photodetector. 

[0004] In the optical path from the semiconductor laser source to the optical disk or in the optical path from the optical 
disk to the photodetector, an optical element such as a diffraction element, a beam splitter or the like and a retarder 
for changing a state of polarization of laser light are properly arranged to obtain highly accurate, stable recording/ 
20 reproducing. In particular, by using a combination of the optical element in which the characteristics are changed 
depending on a state of polarization of laser light and the retarder for changing a state of polarization, an optical system 
having a high utilization efficiency of light can be realized, and flexibility in designing the optical system can be improved. 
Accordingly, various'types of optical system for optical head devices have been proposed. 

[0005] US Patent Application 2,420,279. A discloses a film comprising two glass layers, two elements comprising 
25 quarter-wave retardation material positioned between said two glass layers, a birefringent crystalline element posi- 
tioned between said quarter-wave elements and comprising a material having a coefficient of thermal expansion dif- 
ferent from that of glass, a thick layer comprising resilient adhesive material bonding said crystalline element to each 
of said quarter-wave elements, and a layer of light-polarizing material bonded between each of said quarter-wave 
elements and said two glass layers with the axis thereof at an angle of substantially 45° to a vibration direction of the 
30 quarter-wave element adjacent thereto. 

[0006] For the retarder, such one prepared by polishing a single crystal of inorganic substance such as quartz has 
conventionally been used. However, since the single crystal of inorganic substance has large incident angle depend- 
ence on a phase difference of transmitted light, the single crystal is improper as the retarder for generating a desired 
phase difference. Further, in an optical element made of the single crystal of inorganic substance, the number of steps 
35 in manufacture is large. Accordingly, such one having a thin film of organic material made of, for example, uniaxially 
stretched polycarbonate, having birefringent properties has been proposed. In cases of using the conventional retarder 
formed by polishing the single crystal of inorganic substance such as quartz and the retarder comprising an organic 
material, there were the problems as described below, in common. 

[0007] As a first problem, there is the temperature dependence of the wavefront aberration of transmitted light from 
to the retarder. When an optical head device is operated for a long time, the temperature in the optical head device rises 
with a lapse of time. Further, a semiconductor laser source used for the optical head device has generally such tem- 
perature characteristics that the oscillated wavelength increases with a temperature rise. In the optical head device 
installing therein the retarder, an oscillated wavelength from a semiconductor laser source fluctuates due to a temper- 
ature change, a predetermined phase difference at the time when the laser light passes through the retarder can not 
45 be obtained, and an adverse influence such as a reduction of signal intensity or an increase of noises in signals may 
be caused in recording/reproducing an optical disk. 

[0008] In the quartz or the thin film of organic material, the fluctuation of the optical characteristics due to a temper- 
ature change is generally small. Accordingly, when the oscillated wavelength from the semiconductor laser source 
fluctuates due to a temperature change, a fluctuation in the wavelength of the laser light could not be compensated 

50 by the retarder in which the above-mentioned material was used. 

[0009] Further, since the linear expansion coefficient of a fixing substrate used in the retarder was generally different 
from the linear expansion coefficient of a thin film of organic material, the thin film of organic material deformed with a 
temperature rise, disturbances in the retardation value of the retarder and the retardation axis (fast axis) direction took 
place, and further, the smoothness of the thin film of organic material was reduced, whereby there was a problem of 

55 causing the disturbance of the wavefront of the laser light passing through the retarder. 

[0010] As a second problem, it was difficult to minimize the size of the device because of an increased number of 
parts in assembling the retarder in the optical head device. In the retarder formed by polishing the single crystal of 
inorganic substance such as quartz, the retarder had to be located in a region of parallel light in an optical path in the 
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optical head device because the incident angle dependence of phase difference was large, whereby there was a 
problem that the surface area of the retarder became large. Further, in the retarder made of an organic material, 
although the incident angle dependence of phase difference was small, the thickness of the retarder formed by bonding 
on the substrate was increased as a whole. Accordingly, it was difficult to minimize the size and the weight of the optical 
5 head device. 

[0011] As a third problem, there is the wavelength dependence in a state of polarization of transmitted light in the 
retarder. Since the recording density can be increased by shortening the wavelength of usable laser light in an optical 
head device, an attempt of shortening the wavelength has been made on light sources. On the other hand, it is nec- 
essary to perform reproduction by using widespread laser light having a wavelength band of 790 nm for many compact 

w optical disks (hereinbelow, referred to as CD), and various optical head systems which allow the compatibility between 
laser light having a shorter wavelength and the ordinary laser Tight having a wavelength band of 790 nm have been 
proposed. In order to assure the compatibility with respect to the ordinary optical disks, there is a system in which the 
ordinary laser light source having a wavelength band of 790 nm is disposed in addition to a short wavelength laser 
light source having a wavelength band of 650 nm for digital versatile disks for high-density recording (hereinbelow, 

is referred to as DVD). 

[0012] Further, as a semiconductor laser source for emitting light having two-wavelengths, a two-wavelength semi- 
conductor laser source of monolithic structure in which a semiconductor laser source having a wavelength band of 790 
nm and a semiconductor laser source having a wavelength band of 650 nm are formed in one chip, or a two-wavelength 
semiconductor laser source comprising a plurality of chips in which laser chips having different wavelength bands are 

20 disposed with an interval of light emitting point of about 100-300 nm, for example. With such two-wavelength semi- 
conductor laser sources, the number of parts can be reduced to minimize the size in comparison with conventional 
optical head devices having two-semiconductor laser sources as separate units. Further, in the case of the two-wave- 
length semiconductor laser source of monolithic structure, accuracy in positioning light emitting points can be improved, 
and assembling and adjusting are simplified, whereby the characteristics of optical head capable of providing stable 

25 recording/reproducing information are easily obtainable. 

[0013] In a case that a retarder is used for a conventional optical head device using only a single wavelength, it is 
easy to prepare a quarter-wave plate providing a phase difference of n/2 or a half-wave plate for providing a phase 
difference of rc with respect to linearly polarized incident light. However, when a retarder is used for an optical head 
device using two-wavelengths, it was difficult for the conventional retarder to provide optical characteristics of such 

30 technical level that the quarter-wave plate was usable for a wavelength band of 650 nm and a wavelength band of 790 
nm, or the half-wave plate was usable for a wavelength band of 650 nm and a wavelength band of 790 nm. 
[0014] Accordingly, for an optical head device in which laser light of different wavelengths are used for DVD and CD, 
it was necessary to use different retarders for different wavelengths separately whereby the size of the device was 
increased. Further, in a case of using the two-wavelength semiconductor laser source, it was necessary to produce a 

35 desired phase difference with respect to two different kinds of wavelength by a single retarder, and therefore, a retarder 
capable of producing a desired phase difference depending on different wavelengths was expected. 
[001 5] It is an object of the present invention to provide a retarder capable of compensating a fluctuation of wavelength 
caused by a temperature change of light emitted from a semiconductor laser source, in particular, capable of producing 
stably a predetermined phase difference even in a high temperature region, and an optical element provided with such 

40 retarder. 

[0016] Further, it is another object of the present invention to provide an optical element wherein a retarder to be 
installed in an optical head device has a plurality of functions, whereby the optical head device can be miniaturized. 
[0017] Further, it is another object of the present invention to provide a retarder for producing a desired phase dif- 
ference depending on different wavelengths and an optical element provided with such retarder in an optical head 
45 device wherein laser light having two or more different wavelengths are used as light sources. 

DISCLOSURE OF THE INVENTION 

[0018] In accordance with the present invention, there is provided a retarder and phase shifter, respectively, com- 
50 prising a thin film of organic material having birefringent properties, an adhesive coated on at least one surface of the 
thin film of organic material, and a fixing substrate having transmitting or reflecting properties, bonded to the thin film 
of organic material by the adhesive, wherein among the linear thermal expansion coefficient E, of the thin film of organic 
material, the linear thermal expansion coefficient Eg of the adhesive and the linear thermal expansion coefficient E 3 of 
the fixing substrate, relations of Ej<E 2 and E 3 <E 2 are satisfied. 
55 [0019] Further, the present invention is to provide the above-mentioned retarder, wherein the thin film of organic 
material includes at least one selected from the group consisting of polycarbonate, potyimide, polyaliylate, polyether- 
sulfone, (alicyclic) polyolefin, poly(meth)acrylate, polyetherimide and polymerized liquid crystal. 
[0020] Further, the present invention is to provide the above-mentioned retarder, wherein the adhesive includes at 
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least one selected from the group consisting of acryl type, epoxy type, urethane type and polyester type. 
[0021] Further, there is provided an optical head device comprising a semiconductor laser light source, an objective 
lens for converging laser light emitted from the semiconductor laser light source, an optical recording medium to which 
the laser light is converged and introduced, a photodetector for receiving reflected light from the optical recording 
5 medium and, an optical element fabricated by combining the above-mentioned retarder with a polarizing diffraction 
element having different diffraction efficiencies depending on a state of polarization of incident light wherein the optical 
element is located in an optical path from the laser light source to the optical recording medium, or an optical path from 
the recording medium to the photodetector. 

[0022] Further, there is provided an optical element wherein a structure having at least one element among the 
10 following three elements is formed on a fixing substrate on which the above-mentioned retarder is formed: 

(1) an aperture controlling element provided with a first region in a central portion, which transmits light having two 
or more kinds of wavelength and a second region surrounding the first region, which reflects or diffracts light having 
one or more kinds of wavelength, 
15 (2) a retarder having a ringed belt-like groove for correcting the wavefront of transmitted light in a central portion, 

which transmits light having two or more kinds of wavelength, and 

(3) a diffraction element having a periodic concave and convex portion in cross-sectional view, which diffracts 
incident light. 

20 [0023] Further, the present invention is to provide an optical head device wherein laser light emitted from a semi- 
conductor laser source is converged by an objective lens to be introduced into an optical recording medium, and 
reflected light from the optical recording medium is received by a photodetector, the optical head device being char- 
acterized in that the above-mentioned optical element is located in an optical path from the laser light source to the 
optical recording medium, or a light path from the optical recording medium to the photodetector. 

25 [0024] Further, an illustrative example is provided in an optical head device comprising a semiconductor laser light 
source for emitting laser light having two or more different wavelengths, an objective lens for converging the laser light 
emitted from the semiconductor laser light source, an optical recording medium to which the laser light is converged 
and introduced, a photodetector for receiving reflected light from the optical recording medium, and a broadband re- 
tarder located in an optical path from the laser light source to the optical recording medium, or an optical path from the 

30 optical recording medium to the photodetector to control a state of phase of the laser light, the broadband retarder 
having such structure that a phase plate A to which either one laser light is first incident and a phase plate B to which 
said laser light is secondly incident are piled up so that the respective optical axes are crossed wherein the ratio of the 
retardation value of the phase plate A to the retardation value of the phase plate B is 1 .8 - 2.2. 
[0025] A further illustrative example is provided with the optical head device described just above, wherein the laser 

35 ■ light is two kinds of laser light having different wavelengths, the ratio of the retardation values is 2, and the degrees of 
elliptical polarization when the two kinds of laser light are transmitted through the broadband retarder are substantially 
equal. 

[0026] Further, the present invention is to provide an optical head device comprising a semiconductor laser light 
source for emitting linearly polarized light having wavelengths of X 1 and A^ (A^A^), an objective lens for converging 

40 the laser light emitted from the semiconductor laser source, an optical recording medium to which the laser light is 
converged and introduced, a photodetector for receiving reflected light from the optical recording medium, and the 
above-mentioned retarder located in an optical path from the laser light source to the optical recording medium wherein 
the linearly polarized light having wavelengths of X 1 and Ag are incident to the retarder, two thin films of organic material 
having birefringent properties each having a retardation value of A/2 with respect to linearly polarized light having a 

45 wavelength of A in a relation of A 1 ^ A ^ A^ are piled up so that the respective optical axes are crossed, and when the 
linearly polarized light having wavelengths of A 1 and Ag are transmitted through the thin films of organic material, the 
planes of polarized light provided by the linearly polarized light are rotated by the same angle. 
[0027] Further, the present invention is to provide an optical head device comprising a semiconductor laser light 
source for emitting two kinds of linearly polarized light having different wavelengths and the planes of polarized light 

50 in parallel to each other, an objective lens for converging the laser light emitted from the semiconductor laser source, 
an optical recording medium to which the laser light is converged and introduced, a photodetector for receiving reflected 
light from the optical recording medium, and the above-mentioned retarder located in an optical path from the laser 
light source to the optical recording medium, or an optical path from the optical recording medium to the photodetector, 
wherein the retarder comprises a thin film of organic material to produce a phase difference of 2k (m 1 - 1/2) (m 1 is a 

55 natural number) with respect to a kind of linearly polarized light and a phase difference of 2k m 2 (m 2 is a natural number) 
with respect to the other kind of linearly polarized light when the two kinds of linearly polarized light having different 
wavelengths are transmitted therethrough with an inclination of 45° in a polarization direction in its fast axis direction, 
whereby the planes of polarized light provided by the linearly polarized light of two kinds of wavelengths cross perpen- 
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dicularfy. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0028] 

FIG. 1 is a cross-sectional view showing the structure of the retarder according to a first embodiment of the present 
invention. 

FIG. 2 is a graph showing the fluctuation of retardation value corresponding to the fluctuation of the wavelength 
10 of oscillated light from a semiconductor laser source and the fluctuation of retardation values in the retarder vs. 
temperature change. 

FIG. 3 is a cross-sectional view showing the structure of the retarder according to a second embodiment of the 
present invention. 

FIG. 4 is a cross-sectional view showing the structure of the polarizing diffraction type retarder according to a third 
is embodiment wherein the retarder of the present invention and a polarizing diffraction element are unified. 

FIG. 5 is a cross-sectional view showing an example of the structure of the reflection type retarder according to a 
fourth embodiment of the present invention. 

FIG. 6 is a cross-sectional view showing another example of the structure of the reflection type retarder according 
to the fourth embodiment of the present invention. 
20 FIG. 7 is a cross-sectional view showing another example of the structure of the reflection type retarder according 

to the fourth embodiment of the present invention. 

FIG. 8 is a cross-sectional view showing the structure of the optical element according to a fifth embodiment of 
the present invention. 

FIG. 9 are diagrams showing the structure of the optical element according to a sixth embodiment of the present 
25 invention wherein (a) is a cross-sectional view showing an example of the structure of the optical element, (b) is 
a cross-sectional view showing another example of the structure of the optical element, and (c) is a plan view of 
the optical element of (a) and (b) observed from an upper side of the drawing. 

FIG. 10 are diagrams showing the structure of the broadband phase plate according to a seventh embodiment of 
the present invention wherein (a) is a cross-sectional view in a state that two phase plates are piled up, and (b) is 
30 a plan view showing an angular relation of each optical axis of the two piled phase plates. 

FIG. 11 is a graph showing changes of the ellipse ratio angle of transmitted light vs. set angles (9^ 9 2 ) of the 
broadband phase plate of the seventh embodiment of the present invention wherein (a) is a graph in a case that 
G 2 is larger than e 1t and (b) is a graph in a case that 6 1 is larger than 8 2 . 

FIG. 12 is a graph showing the wavelength dependence vs. the ellipse ratio angle of transmitted light in the broad- 

35 band phase plate of the seventh embodiment of the present invention. 

FIG. 13 illustrates graphs showing set angles (8 V 6 2 ) of the broadband phase plate of the seventh embodiment 
of the present invention in a case that the phase plate functions as a quarter-wave plate with respect to light having 
two different wavelengths wherein (a) is a graph in a case that 0 1= 1 5+a and 9 2 =75-a where a is 10° or less, and 
(b) is a case that 9^75-a and 0^1 5+a where a is 10° or less. 

40 FIG. 1 4 is a graph showing the wavelength dependence of the ellipse ratio angle of transmitted light in the broad- 

band phase plate of the seventh embodiment of the present invention (in a case of a=0 and a=3.2 in FIG. 13(b)). 
FIG. 1 5 is a diagram showing an example of the structure of an optical head device in which the broadband phase 
plate of the seventh embodiment of the present invention is installed. 

FIG. 1 6 illustrates cross-sectional views showing the structure of the retarder according to an eighth embodiment 
45 of the present invention wherein (a) is a diagram showing a state of the rotation of the polarization direction in the 

incidence of linearly polarized light having a wavelength and (b) is a diagram showing a state of the rotation of the 

polarization direction in the incidence of linearly polarized light having another wavelength. 

FIG. 1 7 is a diagram showing the structure of an optical head device in which the retarder of the eighth embodiment 

of the present invention is installed. 
so FIG. 18 is a cross-sectional view showing the structure of the retarder according to a ninth embodiment of the 

present invention. 

FIG. 1 9 illustrates cross-sectional views showing the structure of the retarder according to a tenth embodiment of 
the present invention wherein (a) is a cross-sectional view showing a state that linearly polarized light having a 
wavelength is incident to the transparent substrate with its optical axis perpendicular to the substrate and (b) is a 
55 cross-sectional view showing a state that linearly polarized light having another wavelength is incident to the trans- 
parent substrate with its optical axis oblique to the substrate. 

FIG. 20 is a diagram showing the optical head device according to an eleventh embodiment of the present invention. 
FIG. 21 is a side view showing diagrammatical ly the structure of an optical head device in which the polarizing 
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diffraction type retarder shown in FIG. 4 is installed. 

FIG. 22 is a diagram showing a measuring optical system and a coordinate system of the reflection type retarder 
of the present invention. 

FIG. 23 illustrates diagrams showing the structure of a polarizing diffraction element with the broadband phase 
5 plate of the seventh embodiment of the present invention wherein (a) is a cross-sectional view showing piled 

broadband phase plate and the polarizing diffraction element and (b) is a plan view showing an angular relation 
of each optical axis and so on of two piled phase plates. 

FIG. 24 is a graph showing the wavelength dependence of the ellipse ratio angle of light converged to an optical 
disk in the retarder of the eighth embodiment of the present invention as well as that in a conventional example. 

10 FIG. 25 is a graph showing the wavelength dependence of the polarization direction of light converged to an optical 

disk in the retarder of the eighth embodiment of the present invention as well as that in a conventional example. 
FIG. 26 illustrates diagrams showing the structure of the two-wavelength diffraction element of the sixth embodi- 
ment of the present invention wherein (a) is a diagram showing a light path of incident light having a wavelength 
and (b) is a diagram showing an optical path of incident light having another wavelength. 

15 FIG. 27 illustrates diagrams showing the structure of the two-wavelength diffraction element of the ninth embodi- 

ment of the present invention wherein (a) is a diagram showing an optical path of incident light having a wavelength 
and (b) is a diagram showing an optical path of incident light having another wavelength. 

[0029] Figures 11-15 correspond to an illustrative example falling outside the invention as claimed. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 
[Embodiment 1] 

25 [0030] In the retarder of the present invention, an adhesive is coated on at least one surface of a thin film of organic 
material having biref ringent properties and the thin film of organic material is bonded by the adhesive to a fixing substrate 
having transmitting or reflecting properties. 

[0031] Figure 1 is a cross-sectional view showing the structure of a retarder 1 A according to a first embodiment. In 
the first embodiment, a thin film having birefringent properties, i.e., a phase-difference producing function is fixed be- 
30 tween two opposed fixing substrates by an adhesive. As the thin film of organic material used for the retarder, a thin 
film of organic material formed by uniaxially stretching a thin film of polymer such as polycarbonate, polyimide, poly- 
allylate, polyethersulfone, (alicyclic) polyolefin, poty(meth)acrylate or the like to provide birefringent properties, hence, 
a phase-difference producing function, may be used. 

[0032] Although resins other than these resins may also be used as such a thin film having a phase-difference 

35 producing function, it is preferred, in a view of heat resistance, to use (modified) polycarbonate, polyimide, polyallylate, 
polyethersulfone, (alicyclic) polyolefin, poly(meth)acrylate or polyetherimide. For industrial use as mass production 
product, polycarbonate is more preferable as the stability is good. A thin film of polymerized liquid crystal obtained by 
coating a monomer of polymerized liquid crystal onto a fixing substrate, the liquid crystal being subjected to a conven- 
tional aligning treatment, followed by curing can be used as a thin film of organic material. The above-mentioned 

40 polymerized liquid crystal may be either of a side chain type or a main chain type. When the glass transition temperature 
of a thin film of organic material is 1 50°C or more, deterioration in the birefringent properties, i.e., the phase-difference 
producing properties of the thin film of organic material, due to a temperature rise can preferably be prevented. 
[0033] As material for the adhesive, acryl type, epoxy type, urethane type, polyester type, polyimide type, urea type, 
melamine type, furan resin type, isocyanate type, silicone type, cellulose type, vinyl acetate type, vinyl chloride type, 

45 rubber type or a mixture thereof may be used. An adhesive of a UV curing type or a thermosettable type is preferable 
because workability is good. However, the adhesive is not limited to the above. Further, the adhesive should be coated 
smoothly as thin as possible with a constant thickness in order to minimize the wavefront aberration. For example, it 
is preferable to finish smoothly so that the transmission wavefront aberration of the retarder is 0.02 X^ or less (X is 
a wavelength and rms is a root-mean-square value). As a method of coating, a method for spin coating or roller coating 

so is preferable because workability is good and control to the thickness is easy. 

[0034] As the fixing substrate having a transmitting function, a smooth optical glass is preferred. Further, as the fixing 
substrate having a reflecting function, it is possible to use an optical glass on which a reflecting surface is formed by 
using a thin film of aluminum or another metal on its surface. Further, in order to reduce a difference between the 
refractive index of the adhesive and the refractive index of the thin film of organic material having a phase-difference 

55 producing function; a disturbance of the wavefront of transmitted light generated depending on irregularity of the surface 
of the thin film of organic material, and a loss of reflection at the interface between the adhesive and the thin film of 
organic material, it is preferable to use an adhesive having a refractive index which is substantially equal to the refractive 
index of the thin film of organic material. 
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[0035] As shown in Rgure 1 , surfaces of a thin film of organic material 1 01 of, e.g., uniaxially stretched polycarbonate 
are fixed to fixing substrates 1 04, 1 05 such as glass having smoothened surfaces and having a transmitting function, 
by adhesive layers 1 02, 1 03 of, e.g., an acrylic type. In the structure of Rgure 1 , both surfaces of the thin film of organic 
material 101 are sandwiched and fixed by the two fixing substrates. The thin film of organic material 101 is so formed 
5 as to provide retardation values, e.g., X/4, 5X74, A/2 and so on with respect to transmitted laser light having a wavelength 
of A emitted from a semiconductor laser light source. 

[0036] In the thin film of organic material such as polycarbonate, the polymer chain is oriented by being stretched 
uniaxially so that there is a difference between the refractive index in a stretched direction and the refractive index in 
a direction perpendicular to the stretched direction, whereby the thin film of organic material having a phase-difference 

w producing function given by birefringent properties is provided. It has been said that the thermal expansion coefficient 
of the thin film of polycarbonate is generally isotropic in the film plane, and the temperature characteristic of the retar- 
dation values (a fluctuation quantity in the retardation values relying on temperature) is small. In the experiments 
conducted by the applicant, it has been found that the temperature characteristic of the retardation values can be 
improved by bonding and fixing the thin film of polycarbonate on a transparent substrate such as glass. 

is [0037] As shown is Rgure 2, in the retarder of the present invention in which the retarder is fixed to transparent 
substrates by an adhesive (■ in Rgure 2), the wavelength functioning as a retarder becomes large with a temperature 
rise because the retardation value increases with a temperature rise, in comparison with a case of the thin film of 
polycarbonate used solely (A in Rgure 2). Since the wavelength of light oscillated from a semiconductor laser source 
generally increases with a temperature rise, it is preferable that the retardation value increases with a temperature rise 

20 (. in Rgure 2) in order to make the phase difference (2 n x retardation value/wavelength) constant to a fluctuation of 
the wavelength of laser light. 

[0038] In the retarder of the present invention, the temperature characteristic of retardation values is resulted in the 
same direction as a fluctuation of a wavelength oscillated from a semiconductor laser source, and fluctuation quantities 
of a wavelength of oscillated laser light and a fluctuation of retardation values of the retarder well correspond to the 

25 temperature characteristic. Therefore, a change of phase difference due to a fluctuation of the wavelength of laser light 
can be suppressed by a fluctuation of temperature of retardation values of the retarder. Accordingly, with use of the 
retarder of the present invention, it is possible to compensate the fluctuation of a phase difference caused by the 
fluctuation of a wavelength due to the temperature of light emitted from the semiconductor laser source. Namely, the 
above-mentioned problem that a predetermined phase difference can not be obtained because of the temperature 

so characteristic of the semiconductor laser source, can be solved. 

[0039] In further study by the applicant, it has been found that expansions of the thin film of organic material and the 
fixing substrate with a temperature rise can be absorbed by the adhesive, and the deformation of the thin film of organic 
material can be prevented when the linear expansion coefficient E 1 (/°C) of the thin film of organic material, the linear 
expansion coefficient E 2 (/°C) of the adhesive, and the linear expansion coefficient E 3 (/°C) of the fixing substrate as 

35 the characteristics of thermal expansion coefficient of each material which constitutes the retarder satisfy the relation 
of Formula (1). 

E.,<E 2 and E 3 <E 2 (1) 

40 

[0040] As a result, the retarder in which there is little possibility of causing a disturbance of the wavefront of laser 
light passing through the retarder due to a change of the retardation value, a change of the retardation axis direction 
and a deformation of the thin film of organic material, can be provided, 

[0041] In this embodiment, polycarbonate (linear expansion coefficient E 1= 6.2x10" 6 / 0 C) was used as the thin film 
45 of organic material, a polyester type adhesive (linear expansion coefficient 1 .2x1 O^C) was used as the adhesive 
and a glass substrate (linear expansion coefficient E 3 =95x 1 0" 7 /°C) was used as the fixing substrate. Since the retarder 
having such structure satisfies the relation of the above-mentioned Formula (1 ), and can absorb expansions of the thin 
film of organic material and the fixing substrate by the adhesive in response to a temperature change, the expansions 
of the thin film of organic material and the fixing substrate caused by a temperature rise, in particular, even in a high 
50 temperature region, can be absorbed by the adhesive, and stable, excellent phase-difference properties can be ex- 
hibited without causing a disturbance of the wavefront of laser light passing through the thin film of organic material 
. and the fixing substrate which is caused by a change of the phase difference, a change of the retardation axis direction 
and a deformation of the thin film of organic material, or without causing an irreversible change such as peeling. 
[0042] In several embodiments described below, explanation will be made as to various retarders of the present 
55 invention having structural elements for the retarders, and optical head devices using these retarders. 
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[Embodiment 2] 

[0043] Figure 3 is a cross-sectional view showing the structure of a retarder 1 B according to a second embodiment. 
In the second embodiment, a thin film of organic material 101 having birefringent properties such as a thin film of 

5 polycarbonate, having one surface on which an adhesive 102 of, e.g., a polyester type is coated, is fixed to a fixing 
substrate 104 made of glass having a smooth surface. Even though the retarder is of such structure that one surface 
of the thin film of organic material 1 01 is fixed to the single fixing substrate 1 04 by the adhesive 1 02, there is obtainable 
such effect of compensating a fluctuation of phase difference of the retarder caused by a fluctuation of temperature of 
an oscillated wavelength from a semiconductor laser element in the same manner as in the first embodiment. However, 

10 the first embodiment having the structure that both su rfaces of the retarder are fixed can provide more remarkable effect. 
[0044] Further, in a case that the retarder of the present invention is used as an optical element for, e.g., an optical 
head device, it is preferable to unify by piling the retarder on a polarizing diffraction element showing different diffraction 
efficiencies depending on polarization directions of incident light. With this, the optical element functioning as a polar- 
izing diffraction element and a retarder is provided, and a space to be occupied in the optical head device can be 

15 reduced to thereby allow miniaturization. 

[Embodiment 3] 

[0045] Figure 4 is a cross-sectional view showing the structure of a polarizing diffraction type retarder according to 
20 a third embodiment wherein the retarder 1 B of the present invention and a polarizing diffraction element 2 are unified. 
In the third embodiment, on the polarizing diffraction element 2 comprising a polarizing diffraction grating 107 formed 
on a fixing substrate 105 having transmitting properties, one surface of a thin film of organic material 101 having 
birefringent properties is fixed by an adhesive 1 03. A fixing substrate 1 04 having transmitting properties is fixed on the 
other surface of the thin film of organic material 1 01 by an adhesive 1 02. Thus, the polarizing diffraction element 2 and 
25 the retarder 1 B including the thin film of organic material 1 01 are unified by the adhesive 1 03. As the polarizing diffraction 
element used here, there are a diffraction element using an organic material having birefringent properties such as 
liquid crystal, a polymerized liquid crystal or the like, or a diffraction element using a single crystal of inorganic material 
having birefringent properties such as LiNbOa or the like. 

[0046] When the polarizing diffraction type retarder shown in Figure 4 is used for an optical head device for recording 
30 or reproducing information on an optical disk such as CD or DVD, it is located in an optica) path between the optical 
disk and a photodetector for detecting reproducing signals so that the retarder 1 B is at a side of the optical disk. In this 
case, the retardation value of the thin film of organic material 101 is determined to be X/4 or 5X/4 with respect to, for 
example, a wavelength band X of 650 nm from a semiconductor laser light source. With this, linearly polarized laser 
light emitted from the semiconductor laser source rotates 90° in polarization direction in going and returning paths 
35 while the laser light goes and returns through the thin film of organic material. 

[0047] In this case, the polarizing diffraction element used is such one having a high trans mittance with respect to 
light having a polarization direction in a going path and having a high diffraction efficiency with respect to light having 
a polarization direction in a returning path, whereby an optical head device having a high utilization efficiency of light 
in going and returning the paths between the semiconductor laser source and the photodetector, can be constituted. 

40 

[Embodiment 4] 

[0048] FIG. 5 shows a retarder 20A, in cross-section, according to a fourth embodiment of the present invention. A 
reflection type retarder comprises a thin film of organic material 201 having birefringent properties, which has a surface 

45 fixed to a fixing substrate 204 having a reflecting function by an adhesive 202. Further, on the other surface of the thin 
film of organic material 201 , an anti-reflection film 206 is provided. In the reflection type retarder, since incident light 
is reflected by the fixing substrate to pass twice through the thin film of organic material, the film thickness of the thin 
film of organic material can be reduced to about half in comparison with a transmitting type retarder. Further, the thin 
film of organic material 201 can be so formed that when laser light from a semiconductor laser source or the like is 

50 incident perpendicularly and transmits therethrough, a phase difference of rmt/4 (m is a natural number) is produced 
with respect to, the transmitting light, and when the light is reflected by the fixing substrate 204, a phase difference of 
mji/2 is produced with respect to the reflected light. 

[0049] As the fixing substrate 204 having a reflecting function used for the reflection type retarder 20A according to 
this embodiment, such one comprising an optical glass having a smooth surface on which a thin film of metal such as 
55 aluminum or a multi-layer thin film made of dielectric materials such as TiCVSiC^ or Ta 2 05/Si0 2 , may be used. Further, 
in the film structure comprising the multi-layer thin film made of dielectric materials, a dichroic mirror which reflects 
light having a specified wavelength band region to bend the optical axis 90°, and to allow light having another wave- 
length band region to pass through, may be used. 
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[0050] FIG. 6 shows a retarder 20B according to another constitution example of this embodiment. It has such struc- 
ture that instead of the non-reflective coat 206 provided on one surface of the thin film of organic material shown in 
FIG. 5, an optical cover glass as a smooth fixing substrate 205 provided with an anti-reflection film (not shown) is 
bonded by an adhesive 203, so that the wavefront aberration resulted from the surface roughness of the thin film of 
5 organic material 201 can be reduced. Reference numeral 203 designates an adhesive and reference numeral 204 
designates a fixing substrate. 

[0051] FIG. 7 shows a retarder 20C according to another constitution example of this embodiment. In this embodi- 
ment, each shape of an optical cover glass 208 and a fixing substrate 207 having a reflecting function is in a prism- 
like shape. When a flat plate-like substrate having parallel surfaces is used, astigmatism is produced in proportion to 
10 the thickness of the substrate with respect to divergent or convergent incident light. However, by providing such prism- 
like structure, occurrence of the astigmatism can be suppressed. The other same reference numerals as in FIG. 6 
designate the same elements as in FIG. 6. 

[0052] When the retarders according to the fourth embodiment are used for an optical head device for recording or 
reproducing information in an optical disk such as CD, DVD or the like, arrangement should be made so that light 
is emitted from a semiconductor laser source is incident obliquely to the thin film of organic material 201 . By using a thin 
film of organic material producing a phase difference having a value in the vicinity of (2p-1 ) n 12 (p is a natural number) 
in a case that laser light is incident perpendicularly to the thin film of organic material and emits after being reflected 
by the fixing substrate, linearly polarized laser light incident obliquely is reflected by the retarder to and emits in a form 
of circularly polarized light. 

20 [0053] Further, when the direction of the fast axis of the retarder and the direction of the linearly polarized light emitted 
from a semiconductor laser source are in a specified relation, a substantially constant phase difference, which does 
not substantially rely on an incident angle to the retarder, is preferably obtainable. For example, when laser light having 
a wavelength of 650 nm is used, the thin film of organic material 201 is fixed to the fixing substrate by adjusting the 
direction of the fast axis of the thin film with respect to the direction of the linear polarization of the incident light so that 

25 the ellipse ratio angle indicating a state of polarization of reflected light from the retarder is about 45° irrespective of 
an incident angle. With such arrangement, the emitted light reflected by the retarder produces a phase difference of 
(2p-l) 7i 12 (p is a natural number) whereby linearly polarized light can be converted into circularly polarized light. 
[0054] Here, the ellipse ratio angle means a defined by . tana=±b/a (-45°^a^45°) where a is a long-axis amplitude 
intensity and b is a short-axis amplitude intensity of elliptically polarized tight. In particular, by selecting the thin film of 

30 organic material having a predetermined retardation value with respect to a specified wavelength, a reflection type 
retarder which provides a phase difference of 5n/2 with respect to light having a wavelength band of 650 nm for DVD 
and a phase difference of 2k with respect to light having a wavelength band of 790 nm for CD, can be formed. 
[0055] Namely, when any of the retarders according to this embodiment is assembled in an optical head device using 
light having two different wavelengths, light having a certain wavelength reflected by the retarder is rendered to be 

35 circularly polarized light and light having the other wavelength is rendered to be linearly polarized light by adjusting the 
retardation value of the thin film of organic material. Accordingly, by arranging the retarder of this embodiment between 
the polarizing diffraction element and the optical disk, there are obtainable the features as follows. Namely, with respect 
to light having a wavelength band of 650 nm, a high efficiency of utilization of light can be obtained because the retarder 
functions as a polarizing diffraction element which allows to transmit in a going path and diffracts the light in a returning 

40 path, and with respect to light having a wavelength band of 790 nm, there is little influence of the birefringence of an 
optical disk because it transmits through the polarizing diffraction element in going and returning paths irrespective of 
a state of polarization. 

[Embodiment 5] 

45 

[0056] FIG. 8 is a cross-sectional view showing the structure of an optical element according to a fifth embodiment 
of the present invention. A thin film of organic material 301 having birefringent properties is fixed by adhesives 302, 
303 between a transparent substrate 305 having an aperture controlling function and a transparent substrate 304 
having a wavefront aberration correcting function, whereby an optical element 30 having an aperture controlling function 
so and a wavefront aberration correcting function is formed. The wavefront aberration to be corrected includes coma 
aberration, astigmatism, spherical aberration and so on. 

[0057] For recording/reproducing CD, an optical disk having a thickness of 1 .2 mm, a semiconductor laser having a 
wavelength band of 790 nm and an objective lens having NA (numerical aperture) of 0.45-0.5 is used, and for recording/ 
reproducing DVD, an optical disk having a thickness of 0.6 nm, a semiconductor laser having a wavelength band of 
55 650 nm and an objective lens having NA of 0.6 is used. In a case of conducting recording/reproducing of CD and DVD 
by using a single objective lens, an aperture limiting element for switching NA depending on light having a wavelength 
for CD and light having a wavelength for DVD is required. Namely, the aperture limiting element is to transmit rectilinearly 
light having wavelengths for both DVD and CD in a region of NA=0.45; to transmit rectilinearly only light for DVD in a 



9 



EP1 126 291 B1 

peripheral region surrounding NA=0.45, and to prevent light for CD from transmitting. 

[0058] Further, in a case of reading information in an optical disk of CD or DVD by using a same photodetector, an 
aberration correcting element is needed because the spherical aberration caused by a difference in thickness of optical 
disks remains. In the optical element 30 according to this embodiment, the fixing substrates constituting the retarder 
5 possess an aperture controlling function and an aberration correcting function which are required in a case of conducting 
recording/reproducing information in optical disks having different specifications such as CD, DVD by using a single 
objective lens. Accordingly, miniaturization and high-performance can be realized in the optical head device without 
increasing the number of structural elements. 

[0059] The transparent substrate 305 having an aperture controlling function comprises a transparent material such 
10 as glass, which has a first region as a central portion and a second region surrounding the central portion wherein a 
periodic grating having a concave and convex shape in cross section is formed directly in a thin film or in a surface of 
the transparent substrate in the second region. By adjusting the amplitude of phase caused by the concave and convex 
shape, it is possible to transmit or diffract a predetermined wavelength selectively. Specifically processing of the con- 
cave and convex shape is conducted so that the phase difference caused by the concave and convex shape is integral 
15 multiples of 2iz with respect to a wavelength for DVD and non-integral multiples of 2k with respect to a wavelength for 
CD, whereby light having a wavelength for DVD is allowed to transmit and light having a wavelength for CD is diffracted. 
Thus, the aperture limiting function is given to the transparent substrate 305 so that light is not converged to an infor- 
mation-recording portion in the optical disks. 

[0060] The transparent substrate 304 having a wavefront aberration correcting function comprises a glass substrate 
20 or the like, and it functions by forming a groove directly or in the thin film formed on a surface of the transparent substrate 
in the first region wherein the groove has a two-dimensionally distributed depth depending on a quantity of aberration 
to be corrected so that a distribution of phase difference is produced spatially. FIG. 8 shows the transparent substrates 
304 and 305 each having a different function. However, it is possible to form simultaneously in the same surface of 
the same transparent substrate a groove for producing a wavefront aberration correcting function and a periodical 
25 concave/convex-like diffraction grating for producing an aperture controlling function. In this case, it is possible to 
simplify steps for processing. 

[Embodiment 6] 

30 [0061] FIG. 9 shows a cross-sectional view and a plan view showing the structure of an optical element according 
to a sixth embodiment. FIG. 9(a) shows an optical element 40A wherein a thin film of organic material 401 having 
birefringent properties is fixed to a transparent substrate 405 having a diffracting function by an adhesive 403, and an 
antireflection film 406 is formed on the other surface of the thin film of organic material 401 . FIG. 9(b) shows, as another 
constitution example, an optical element 40B wherein a thin film of organic material 401 having birefringent properties 

35 is fixed between a transparent substrate 405 having a diffracting function and a transparent substrate 404 coated with 
an antireflection film 406 by adhesives 402, 403. FIG. 9(c) is a plan view of the optical element of FIG. 9(c) and FIG. 
9(b) viewed from an upper side. 

[0062] The transparent substrate 405 having a diffracting function comprises a transparent material such as glass. 
A periodic grating having a concave and convex shape in cross section or a hologram is formed directly or in a thin 

40 film formed on a surface of the transparent substrate. It is preferable to provide an antireflection film to prevent a loss 
of reflection of light at the interface between air and the transparent substrate 405 having a diffracting function. 
[0063] With such multi-layered plate structure using the transparent substrates and the thin film of organic material, 
the retarder having a diffracting function can be formed. The optical element having a diffracting function according to 
this embodiment can be used as, for example, a 3-beam generating element for detecting signals in a 3-beam method 

45- or a differential push-pull method or the like. Since the diffraction element used for a signal detecting system such as 
the 3-beam method or the differential push-pull method is located in the vicinity of incident light from a laser light source, 
it can be a small element. Further, incident light to the diffraction element becomes divergent light. The optical element 
of this embodiment provides a phase difference producing function while it is as small as the conventional diffraction 
element. Further, since the retarder having the thin film of organic material can suppress the fluctuation of the retardation 

so value with respect to incident divergent light, it is possible to stabilize a state of polarization of laser light. 

[0064] In particular, since a thin film of organic material producing a phase difference of tc/2 is used for an optical 
head device mounting a high-power laser light source for recording COR or the like, the polarized plane is rotated 90° 
by going and returning light between the surface of the optical disk and the emitting point of laser light through the thin 
film of organic material. Accordingly, a stable signal intensity of laser can be obtained without causing interference 

55 between the oscillated light and the returning light, with the result that stable recording of information in the optical disk 
can be realized. 
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[Embodiment 7) 

[0065] This seventh embodiment corresponds to an illustrative example falling outside the invention as claimed. 
[0066] In the optical head device according to a seventh embodiment, a light source emitting laser light having two 

5 or more different wavelengths is used, and a broadband retarder for controlling a state of phase of the laser light having 
two or more different wavelengths is located between the light source and an objective lens. 
[0067] FIG. 1 0(a) is a cross-sectional view showing such broadband retarder 50. Two phase plates 501 A and 501 B 
each comprising a thin film of organic material having birefringent properties are piled up between transparent sub- 
strates 504, 505 so that the respective optical axes are crossed, and each of the members is fixed by using adhesives 

10 502, 503 and 506. It has such construction that the retardation value of the phase plate 501 A to which laser light is 
first incident is larger than the retardation value of the phase plate 501 B to which the laser light is secondly incident, 
and the ratio of these retardation values is 1 .8-2.2. With this structure, the broadband retarder functions as a quarter- 
wave plate which provides a phase difference of about nJ2 with respect to linearly polarized laser light of any wavelength 
transmitting therethrough whereby linearly polarized light is rendered to be substantially circularly polarized light. 

is [0068] In the following, description will be made as to a case that the number of emitted laser light having different 
wavelengths is two. A typical combination of phase difference in the two phase plates constituting the broadband 
retarder and a typical arrangement of the fast axis will be described. 

[0069] Assumed that retardation values produced by the piled phase plates 501 A and 501 B wherein laser light is 
incident first to the phase plate 501 A and 501 B secondly, are respectively and R 2 . Further, definition is made so 
20 that laser light having a shorter wavelength between two different wavelengths is represented by X L ; laser light having 
a longer wavelength is represented by X^, and a wavelength X having a relation of A^X^A^ is an intermediate wave- 
length between the two-wavelengths and X H . 

[0070] In this case, the wavelength X is about two times of R 1 and about four times of R 2 ; the ratio of the retardation 
values R 1 /R 2 is 1 .8-2.2, and the optical axes of these two phase plates are crossed to each other. It is preferable that 
25 the crossing angle is 45-75°. Then, the above-mentioned effect, i.e. linearly polarized light being rendered to be sub- 
stantially circularly polarized light, is obtainable. 

[0071] On the other hand, when the retardation value R1 of the phase plate to which laser light in the two kinds of 
laser light is incident first is larger than the retardation value R2 of the phase plate to which laser light is incident 
secondly; the ratio of the retardation values is 2, and each elliptical polarization produced when the two kinds of laser 
30 light transmit through the broadband phase plate 50 is equal to each other, namely, relations in formulae (2a) and (2b) 
are established, it is preferable because efficiency of utilization of light becomes equal with respect to usable light 
having either wavelength. In the formulae, the retardation dispersion coefficient of the laser light having a shorter 
wavelength is represented by kL and that of a longer wavelength is represented by k^,. 

Ri =(^ L ^HV(2'(k L -X H+ k H -X L ) (2a) 



R 2 =(X L -X H )/(4.(k L .XH + k H -X L ) (2b) 

40 

[0072] Here, the retardation values of the first and second phase plates generally have wavelength dependence. 
When A, B and C indicate respectively dispersion coefficients which depend on materials, it is represented by R=A+B/ 
(X-C) approximately. Further, the dispersion coefficients k|_ and k H are defined as in formulae (3a) and (3b) respectively. 
Here, a numerical value 589 means the wavelength of a D-line of sodium used as the standard wavelength for meas- 
45 . uring the retardation values. 

k L =R(A. L )/R(589)={A+B/(X L -C)}/{A+B/589-C} (3a) 

so 

k H =R(X H )/R(589)={A+B/(X H -C)}/{A+B/589-C} (3b) 

[0073] The two kinds of laser light incident into the broadband retarder have the same direction of linearly polarized 
light. With respect to the direction of the linearly polarized light, the direction of the fast axis in optical axes of one 
55 phase plate indicates an angle of 10-20°, and the direction of the fast axis in optical axes of the other phase plate 
indicates an angle of 70-80°. At these angles, the wavelength dependence of the ellipse ratio angle is small, namely, 
the ellipse ratio angle does not largely change depending on wavelengths. The effect of preventing such change is not 
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influenced even in case that the angle in the first phase plate to which light is incident first is 10-20° and the angle in 
the second phase plate is 70-80, or even in a case that the angle in the first phase plate is 70-80° and the angle in the 
later one is 10-20°. 

[0074] In the following, detailed description will be made as to these angles. Assumed that angles formed between 
the direction of the linear polarization of incident laser light and the respective lead axes of the two phase plates are 
respectively and 8 2 in the order of phase plates to which laser light is successively incident. When the wavelength 
X is about two times of R1 and about 4 times of R 2 , namely, relations of R^A/2 and R2=A/4 establish substantially, the 
ellipse ratio angles can be calculated as the functions of e 1 and 0 2 . 

[0075] FIG. 11 shows the ellipse ratio angles wherein a ridge formed by two inclined planes satisfies the condition 
that the ellipse ratio angle is substantially 90°. FIG. 1 1 (a) is a graph in which the ridge is represented by Formula (4a) 
where 0 2 is larger than 0 1f and FIG. 11(b) is a graph in which the ridge is represented by Formula (4b) where is 
larger than e 2 . Under the conditions of Formulae (4a) and (4b), the broadband phase plate functions substantially as 
a quarter-wave plate. 

0 2 =2x0 1+ ti/4 (4a) 



0^2x02+71/4 (4a) 

[0076] If the wavelength of usable laser light is completely in coincidence with a designed wavelength, and 0 1 and 
0 2 are in an angular relation to satisfy Formula (4a) or Formula (4b), completely circularly polarized light of transmitted 
light is obtainable. However, when the wavelength deviates slightly from the designed wavelength, and when relations 
described in Formulae (5a), (5b) are established even though 0 1 and 0 2 have a combination of angle satisfying the 
relation of Formula (4a) or Formula (4b), the transmitted light becomes closest to circularly polarized light. The unit of 
the angle is degree in any relational formula. 

<e lf e 2 M15.75) (5a) 



(0L02H75.15) (5b) 

[0077] From the above, it is in particular preferable that 0 1 and 0 2 have angles given by Formula (5a) or Formula 
(5b), or they have angles in the vicinity of these angles in a range of ±5°. For example, with respect to Formula (5a), 
(01. 0 2 )=(1O-20, 70-80) is given as described above. 

[0078] FIG. 12 shows the wavelength dependence of transmitting light to the ellipse ratio angle in a case of (B^ , 0 2 ) 
=(15, 75) and (10, 65) among various combinations of the angles of 0 1 and 0 2 satisfying Formula (4a). It is found in 
FIG. 12 that completely circularly polarized light can be obtained because the ellipse ratio angle is 90° in a designed 
wavelength (718 nm), and the change of the wavelength dependence in (0 1( 0 2 )=(15, 75) (solid line) is smaller than 
the change of the wavelength dependence in (e 1f 0 2 )=(1O, 65) (broken line). 

[0079] Further, in FIG. 12, as the wavelength of laser light used is apart from the designed wavelength, the ellipse 
ratio angle shifts from 90° whereby transmitted light becomes a form of elliptically polarized light. In the elllptically 
polarized light, it is estimated that with respect to a combination of, for example, a wavelength band of 400 nm used 
for an optical disk of high density recording and a wavelength band of 790 nm used for CD, polarized light is largely 
changed from circularly polarized light even when any wavelength is used. 

[0080] The change from the circularly polarized light, when a polarizing diffraction element is used as a beam splitter 
for instance, deteriorates the diffraction characteristics in a returning path to thereby reduce a reproduced signal in- 
tensity of reflected light from the optical disk. Accordingly, such change is problematic in the optical head device. The 
wavelength usable actually in the optical head device does not cover the entire wavelength band region including two- 
wavelengths from, the laser light source, but covers only two kinds of wavelength, and therefore, only the polarizing 
performance with respect to the two-wavelengths is in question. Accordingly, the relation of the directions of lead axes 
of the two phase plates was determined so that the ellipse ratio angle became the maximum with respect to the two- 
wavelengths used. 

[0081] The oblique solid line in FIG. 13(a) indicates Formula (4a) and the oblique solid line in FIG. 13(b) indicates 
Formula (4b). As shown by black circles in FIG. 13(a) and FIG. 13(b), 0 1 and 0 2 functioning as a complete quarter- 
wave plate for two usable wavelengths satisfy the relation of Formula (6a) (FIG. 13(a)) or Formula (6b) (FIG. 13(b)). 
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(e^MIS+a, 75-a) 



(6a) 



(^>Q 2 )= ^-a, 15+a) 



(6b) 
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where a is a positive coefficient determined by the interval between two usable wavelengths. Table 1 shows 8 1 
and 6 2 on which Formula (6b) is established under a condition 1 (a=0) and a condition 2 (a=3.2), and R 1 and R 2 at 
these angles. 

Table 1 





6 t (degree) 


e 2 (degree) 


a (degree) 


R 1 (nm) 


R 2 (nm) 


Condition 1 


75.0 


15.0 


0.0 


260 


130 


Condition 2 


71.8 


18.2 


3.2 


260 


130 



[0082] FIG. 14 shows the wavelength dependence of the ellipse ratio angle of light transmitting the broadband re- 
tarder in cases of a=0 (broken line) and a=3.2 (solid line). In the determination of an appropriate rotation angle of 3.2° 
based on set center value of , 6 2 )=(75, 1 5) , the ellipse ratio angle to a used wavelength band of 425 nm and a used 
wavelength band of 790 nm is remarkably improved, and the ellipse ratio angle on the two used wavelength bands 
becomes 90° whereby completely circularly polarized light is formed. Similarly, completely circularly polarized light can 
be obtained by determining an appropriate rotation angle even in a case of said center value of (9^ 0 2 )=(15, 75). 
[0083] As described above, the broadband retarder can fully have function as a quarter-wave plate with respect to 
two-wavelengths wherein phase plates having retardation values satisfying. Formulae (2a), (2b) on optional two-wave- 
lengths are used, and the optimum a value is set to determine the directions of the lead axes of the two phase plates 
in this embodiment. Here, the value of a is 0.2 in a case of, for example, using two-wavelength bands of 660 nm and 
790 nm, and 3.2 in a case of using a wavelength band of 425 nm and a wavelength band of 790 nm. 
[0084] Accordingly, it is extremely preferable to determine the value of a so that the broadband retarder completely 
functions as a quarter-wave plate within a range of establishing Formula (6a) or Formula (6b) with respect to the two 
specified wavelengths of light, namely, the ellipse ratio angle becomes 90°. 

[0085] It is preferable that the two phase plates, the fixing substrates and the adhesives in the broadband retarder 
are constituted by using materials as described in the first embodiment. It is preferable that for the purpose of reducing 
the wavefront aberration of the broadband retarder and improve the temperature characteristics and reliability, the 
adhesives for bonding should be thin as possible. It is in particular preferable that the thickness of adhesive layers is 
10 u.m or less. 

[0086] The broadband retarder according to this embodiment can be used solely. However, when it is unified by 
laminating on another optical element used in the optical head device, it is possible to minimize the number of elements, 
simplify assembling work for the optical head device, and make the device small. Accordingly, it is preferable that the 
broadband retarder is unified with at least one optical element to change the optical characteristics of laser light. Spe- 
cifically, the optical elements described in the third to sixth embodiments are mentioned. 

[0087] The broadband retarder of this embodiment provides in particular remarkable effect when it is used in an 
optical head device having an optical element utilizing a difference of polarization properties, and is suitable as a part 
for an optical head device used for recording/reproducing information to achieve miniaturization and weight-reduction. 
[0088] In an optical head device shown in FIG. 15, an optical element 51 formed by unifying a polarizing hologram 
51 B with a quarter-wave plate 51 A is attached to an objective lens 51 5 mounted on an actuator 51 7. The quarter-wave 
plate 51 A used here is the broadband retardation plate of the present invention. Laser light emitted respectively from 
a semiconductor laser source 511 A having a wavelength band of 660 nm and a semiconductor laser source 511 B 
having a wavelength band of 790 nm are made parallel by collimater lenses 51 3A and 51 3B respectively, and transmit 
the polarizing hologram 51 B and the quarter-wave plate 51 A through a beam splitter prism 514 to be converged on 
the information recording surface of an optical disk 516 by means of the objective lens 51 5. 
[0089] Reflected light including information recorded in the optical disk 51 6 propagate in the reverse direction through 
respective paths. Returning light transmitting through or reflected by the beam splitter prism 514 pass through the 
collimater lenses 51 3A, 51 3B respectively, and detected by a photodiode 512A for a wavelength band of 660 nm and 
a photodiode 51 2B for a wavelength band of 790 nm respectively. 

[0090] In the structure shown in FIG. 1 5, when a polarizing hologram which is optimized to laser light having either 
wavelength between the two-wavelengths or which is optimized to laser light having a wavelength of intermediate value 
between the two-wavelengths is used, a high transmittance property is exhibited in a going path, and a reduction of 
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efficiency in question does not take place in a returning path with respect to light having either wavelength. 
[Embodiment 8] 

5 [0091] FIG. 1 6 is a cross-sectional view showing the structure of a retarder 60 according to an eighth embodiment 
of the present invention. The retarder 60 is formed by piling phase plates 601 A and 601 B each comprising a thin film 
of organic material having birefringent properties with respective optical axes being crossed, between transparent 
substrates 604 and 605, each of the above-members being fixed by using adhesives 602, 603 and 606, in the same 
manner as the structure of the broadband retarder of the seventh embodiment. It is preferable that the two phase 

10 plates, the fixing substrates and the adhesives in the retarder are materials described in the first embodiment. 

[0092] The phase plates 601 A and 601 B have the same retardation value, and the phase plates 601 A and 601 B are 
piled up each other so that the respective optical axes are crossed. When linearly polarized light having wavelengths 
of X t and ^ (X^X^) enter into the retarder 60, the planes of polarized light of respective linearly polarized light rotate 
by the same angle. The retardation values of the respective phase plates have the same value, and R d =X72 in 

15 linearly polarized light having a wavelength X in a relation of X 1 ^X^l^. 

[0093] In a case that a retarder is to be formed in consideration of light having a wavelength band of ^=660 nm for 
DVD and light having a wavelength band of ^2=790 nm for CD, and phase plates having a retardation value in a range 
of 1^=330-395 nm are used for example, good linearity maintaining properties and optical rotation performance on 
incident linearly polarized light can preferably obtained. The above-mentioned performance becomes maximum when 

20 takes an intermediate value of the above-mentioned range, i.e. about 362 nm. Further, the above-mentioned per- 
formance can be recognized even when it is smaller the Rd=330 nm, e.g., about 310 nm. 

[0094] The rotation angles of the two planes of polarized light of linearly polarized light produced by the retarder are 
the same. A rotation angle $ is given in a relation of $=1 80°-26 wherein an angle e is formed between the optical axes 
of the phase plates 601 A and 601 B. Accordingly, by adjusting the angle 6 formed between the optical axis of the phase 

25 piate 601 A and the optical axis of the phase plate 601 B, a desired rotation angle (f> can be obtained, in the retarder 
constituted as above, the planes of polarized light can be rotated by the same angle while keeping the linearity with 
respect to two different kinds of linearly polarized light even though their wavelengths are different. 
[0095] FIG. 17 is a cross-sectional view showing an constitution example of an optical head device installing the 
retarder according to the eighth embodiment of the present invention. Two kinds of linearly polarized light having dif- 

30 ferent wavelengths emitted from semiconductor laser sources 611 A and 611 B are reflected by beam splitters 61 4A 
and 61 4B respectively, and then, transmit through the retarder 60 to be converged on the information recording surface 
- of an optical disk 616 by means of a collimater lens 613 and an objective lens 615. After the two kinds of linearly 
polarized light having different wavelengths have passed through the retarder 60, their planes of polarized light are 
rotated by an angle and then, the two kinds of light are reflected by the information recording surface of the optical 

35 disk 61 6. The reflected light in a returning path are converged by the objective lens 61 5 and the collimater lens 61 3, 
and again transmit through the retarder 60. The light in the returning path transmitting through the retarder, after their 
planes of polarized light are made in coincidence with the planes of polarized light in the going path, are converged 
on a photodetector 612. 

[0096] In the optical head device using the retarder of the present invention, a fluctuation in the intensity of signal 
*o light reflected by the optical disk, caused by a distribution of the birefringence remaining in the optical disk or the 
polarization dependence can be reduced, and stable recording and reproducing of information can be obtained. 

[Embodiment 9] 

45 [0097] FIG. 18 shows a cross-sectional view of the retarder 70 according to a ninth embodiment of the present 
invention. A phase plate 701 comprising a thin film of organic material and fixing substrates 704, 705, and they are 
fixed by using adhesives 702, 703. The retarder has a structure using the same materials as described in the first 
embodiment. 

[0098] The retarder 70 is constructed as follows. Assumed that laser light having two different wavelengths X 1 and 
so X2 emitted from light sources, are incident, as linearly polarized light having the planes of polarized light which are 
parallel to each other, into the retarder 70. The retardation value of the phase plate is adjusted so that a phase difference 
of 2jc(m r 1/2) is produced when light having a wavelength transmits through the phase plate 701 ; a phase difference 
of 27tm 2 is produced when light having the other wavelength \^ transmits through the phase plate, and the planes of 
polarized light of two kinds of linearly polarized light are crossed to each other where m 1 and m 2 are natural numbers, 
55 and the linearly polarized light of wavelengths ^ , I? are incident into the phase plate with an inclination in a polarization 
direction of 45° with respect to the direction of the fast axis (not shown) of the phase plate. 

[0099] Description will be made as to a case that for example, the wavelength of laser light having a wavelength 
band of 660 nm for DVD is represented by ^ and the wavelength of laser light having a wavelength band of 790 nm 
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for CD is represented by A^. A phase plate made of polycarbonate having a retardation value of 5 A.j/2 (0^=3) to linearly 
polarized light having a wavelength of X, is arranged so that the fast axis is inclined 45° with respect to the direction 
of incident linearly polarized light. Then, when the linearly polarized light of a wavelength of X A transmits through the 
phase plate, the polarization plane rotates 90°. On the other hand, the retardation value of the phase plate to the 

s linearly polarized light of wavelength Ag corresponds to 2*^2=2), and the polarization plane of the linearly polarized 
light of wavelength ^ transmitting through the phase plate does not rotate. Namely, the linearly polarized light having 
wavelengths of A^ and Ag whose planes of polarized light are parallel to each other, become linearly polarized light 
whose planes of polarized light cross perpendicularly after the light have transmitted through the phase plate 701 . 
[0100] Further, a case of using a wavelength X 1 of 800 nm and a wavelength ^ of 400 nm, and a phase plate made 

w of polycarbonate having a retardation value of A^m^l) to light having a wavelength of A^ which is arranged so that 
the fast axis is inclined 45° with respect to the direction of incident linearly polarized light is considered. When the 
linearly polarized light of wavelength A^ transmits through the phase plate, the polarization plane rotates 90°. On the 
other hand, the retardation value of the phase plate to the linearly polarized light of wavelength A^ corresponds to ^ 
(m 2 =1 ), and the polarization plane of the linearly polarized light of wavelength transmitting through the phase plate 

15 does not rotate. Namely, even in this case, the linearly polarized light having wavelengths A, 1 and ^ whose planes of 
polarized light are parallel to each other, become linearly polarized light whose planes of polarized light cross perpen- 
dicularly after they have transmitted through the phase plate 701 . 

[0101] Here, values taken by the natural numbers m 1 and m 2 are preferably about 3 or less. If m 1 and m 2 are about 
3 or more, an elliptical polarization is produced because a change in the retardation value to a fluctuation of the laser 
20 light wavelength X 1 or A^ becomes large. It is difficult to manufacture a phase plate having a large retardation value 
with use of a single thin film of organic material. If a plurality of thin films is laminated in order to produce such phase 
plate, the number of steps for manufacturing will increase. 

[0102] The retarder 70 constructed as mentioned above has function to convert linearly polarized light having two 
different wavelengths whose planes of polarized light are parallel to each other into linearly polarized light whose planes 
25 of polarized light cross perpendicularly. Accordingly, light having two different wavelengths can be separated by pro- 
viding different planes of polarized light. 

[Embodiment 10] 

30 [0103] FIG. 19 is a cross-sectional view of an optical element 71 according to a tenth embodiment of the present 
invention. A phase plate 701 comprising a thin film of organic material fixed to a transparent substrate 704 by an 
adhesive 702, and a transparent substrate 705 in which a saw-teeth like grating 706 is formed is fixed to the phase 
plate 701 by a filling adhesive 703 so that the saw-teeth like grating 706 opposes the phase plate 701 . The phase plate 
701 has the same structure and function as the retarder according to the ninth embodiment wherein linearly polarized 

35 light of two different wavelengths whose planes of polarized light are parallel to each other transmit through the phase 
plate with an inclination of 45° in a polarization direction with respect to a direction of the fast axis of the phase plate, 
whereby planes of polarized light of light having two different wavelengths cross perpendicularly each other. The saw- 
teeth like grating 706 functions as a polarizing diffraction grating which diffracts either one of the linearly polarized light 
of two different wavelengths whose planes of polarized light cross perpendicularly each other and does not diffract the 

40 other. 

[0104] Here, the saw-teeth like grating 706 as a polarizing diffraction grating functions so that when two kinds of light 
of different wavelengths are incident with their optical axes directing certain angles, only one kind of light is diffracted 
so that the optical axis of the one kind of light is aligned with the optical axis of the other light as shown in FIGS. 1 9(a) 
and 1 9(b). The saw-teeth like grating 706 is made of a birefringent material such as polymerized liquid crystal having 
45 an ordinary refractive index n 0 and an extraordinary refractive index n e , and is prepared by the following steps. The 
before-mentioned polymerized liquid crystal is coated on the transparent substrate 705 in a predetermined thickness. 
Liquid crystal molecules are made aligned so that an orientated vector of the liquid crystal molecules in a direction of 
extraordinary refractive index no of the polymerized liquid crystal is aligned in a specified direction in the surface. After 
the liquid crystal molecules have been polymerized by irradiating light from a photo-polymerizing light source, a saw- 
so teeth like grating is formed by techniques of photolithography and etching. It is preferable that the saw-teeth like grating 
has a right triangle shape in cross section. However, it may be a step-like shape as shown in FIG. 19. In the case of 
the step-like shape, the larger the number of steps is, the greater efficiency of utilization of light is obtainable. In forming 
four or more steps, the first-order light of 70% or more can preferably be utilized. 

[0105] The filling adhesive 703 is a transparent adhesive having a uniform refractive index n s , and a material for the 
55 adhesive is selected so that the refractive index n s is substantially equal to the ordinary refractive index n 0 of polym- 
erized liquid crystal, for example. The filling adhesive can appropriately be selected among the adhesives described 
in the first embodiment. The optical element 71 having the above-mentioned structure functions to convert the two 
kinds of linearly polarized light of different wavelengths whose planes of polarized light are in parallel to each other 
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into linearly polarized light whose planes of polarized light cross perpendicularly each other; separates the two kinds 
of light of different wavelengths, and functions as a diffraction grating with respect to linearly polarized light of a wave- 
length AgfA^Ag) although it does not function as a diffraction grating with respect to linearly polarized light of a wave- 
length A 1 , for instance. 

5 [01 06] As another example of this embodiment, a polarizing diffraction grating for generating three beams for tracki ng 
in an optical head device may be used instead of the above-mentioned saw-teeth like grating 706, which functions as 
a diffraction grating to linearly polarized light of a wavelength X 1 and does not function as a diffraction grating to linearly 
polarized light of a wavelength of A^. 

[0107] As a separate example of this embodiment, an optical element comprising a transparent substrate to which 
10 a function to produce a spatial distribution of phase to the transmission wavefront is added, may be used instead of 
the above-mentioned saw-teeth like grating 706. With this, the wavefront of incident linearly polarized light can be 
controlled. For instance, when the above-mentioned polymerized liquid crystal on the transparent substrate is proc- 
essed so that the layer thickness is spatially distributed, there is no change in a distribution of phase with respect to 
incident ordinary polarized light of a wavelength A v but a distribution of phase corresponding to a distribution of layer 
is thickness is produced with respect to incident extraordinary polarized light of a wavelength A^. When such retarder is 
mounted on an optical head device, aberration remaining by the cause of the difference of wavelength can be corrected. 
For example, it is effective as an compatible element between DVD and CD. 

[Embodiment 11] 

20 

[0108] FIG. 20 is a cross-sectional view of an optical head device according to an eleventh embodiment of the present 
invention. The optical head device comprises a two-wavelength semiconductor laser source 711 having two light emit- 
ting points 71 1 A and 71 1 B disposed with an interval to generate linearly polarized light having a wavelength A^ and a 
wavelength AgfA^A^), whose the planes of polarized light are in parallel to each other, an optical element 71 according 
25 to the tenth embodiment, a beam splitter 714, a collimator lens 713, an objective lens 715 and a photodetector 712, 
to perform the recording and reproducing of an optical disk 716. 

[0109] When linearly polarized light of a wavelength A i is incident into the optical element 71 , the polarization plane 
of the linearly polarized light rotates 90° by the phase plate constituting the optical element 71 , and the linearly polarized 
light becomes ordinary light to the polymerized liquid crystal constituting a saw-teeth like grating. Accordingly, the 

30 linearly polarized light transmits straightly because the ordinary refractive index no of the saw-teeth like grating is 
substantially equal to the refractive index n s of the filling adhesive (n 0 =n s ). On the other hand, since the light emitting 
point which emits the linearly polarized light of a wavelength A^ incident into the phase plate is separated from the light 
emitting point which emits the linearly polarized light of a wavelength X u the optical axis of the linearly polarized light 
having a wavelength A t is inclined with respect to the optical axis of the linearly polarized light of a wavelength ^ and 

35 accordingly, the polarization plane of the light does not rotate even when it transmits through the phase plate whereby 
the linearly polarized light of a wavelength A^ becomes extraordinary light to the polymerized liquid crystal constituting 
the saw-teeth like grating. Accordingly, the saw-teeth like grating generates the + first-order diffraction light because 
the extraordinary refractive index n e of the saw-teeth like grating is different from the refractive index n 0 of the filling 
adhesive, and by adjusting the pitch of grating, the + first-order diffraction light having a wavelength is emitted by 

40 being diffracted into the same axial direction as the optical axis of the light of a wavelength A v 

[0110] Namely, the optical head device mounting thereon the optical element 71 of this embodiment can make the 
optical axes of linearly polarized light having wavelengths A 1 and Ag (A^A^) emitted from the two-wavelength semi- 
conductor laser source coincident with each other. Accordingly, the other optical elements constituting the optical head 
device perform excellent optical characteristics because the optical axes of the two kinds of linearly polarized light 

45 having different wavelengths are coincident with each other, and recording and reproducing of information in an optical 
disk can stably be conducted. Further, since detection of signal light having wavelengths A 1 and \^ can be conducted 
by the same photodetector, the structure of the optical head device can be simplified; the number of assembling steps 
can be reduced, and miniaturization and weight-reduction of the device can be realized. 
[01 1 1] Examples of the present invention will be described hereinbelow. 

50 

[EXAMPLE 1] 

[0112] A retarder 1 A as shown in FIG. 1 in cross section was prepared. Uniaxially stretched (alicyclic) polyolefin 
(linear expansion coefficient E 1= 6.1 x10* 6 /°C, glass transition temperature t y =\l\°Q,) was used as the thin film of 
55 organic material 1 01 having biref ringent properties, an acrylic type adhesive (linear expansion coefficient E2=1 . 1 x 1 0* 4 / 
°C) was used as the adhesives 1 02, 1 03 and glass substrates (linear expansion coefficient E 3 =95x 1 0" 7 /°C) were used 
as the fixing substrates 104, 105. The retardation value of the thin film of organic material was 170 nm. 
[0113] As a result of using the retarder of Example 1 in an optical head device, there was no change of phase 
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difference and the direction of retardation axis in the retarder and no disturbance of the wavefront of laser light passing 
through the retarder caused by a deformation of the thin film of organic material even when there was a fluctuation of 
the wavelength in a semiconductor laser source due to a temperature change. Accordingly, there was no disadvantage 
such as a reduction of detected light quantity in the photodetector, whereby good reproducing signals for information 
s in the optical disk could be obtained. Further, the usable temperature was 1 50°C or more; desired characteristics could 
be obtained even in a high temperature region, and there was no trouble in use. 

[COMPARATIVE EXAMPLE 1] 

10 [0114] A retarder was prepared as a Comparative Example of the retarder shown in FIG. 1 . Uniaxially stretched 
polyester (linear expansion coefficient E 1 «6xlO*/ D C) was used as the thin film of organic material having a phase- 
difference producing function, an epoxy type adhesive (linear expansion coefficient E2=5x10- 5 /°C) was used as the 
adhesives and glass substrates (linear expansion coefficient 

E 3 =95x 1 0 7 /°C) were used as the fixing substrates. The retardation value of the retarder was 330 nm. 
15 [0115] In this Comparative Example, the linear expansion coefficients E 1? E 2 and E 3 did not satisfy the relation of 
the before-mentioned Formula (1). Accordingly, as a result of using the retarder in an optical head device, a change 
of phase difference was caused in the retarder due to a temperature change and a disadvantage such as a reduction 
of detected light quantity in the photodetector was resulted. Further, at a temperature of 130°C or more, the thin film 
of organic material peeled off from the fixing plates to cause the destruction of the retarder. 

20 

[EXAMPLE 2] 

[01 16] A polarizing diffraction type optical element 1 0 was prepared by unifying a retarder 1 B with a polarizing dif- 
fraction element 2 as shown in FIG. 4. Uniaxially stretched polycarbonate (linear expansion coefficient E^^xio- 6 / 
25 °C) was used as the thin film of organic material 1 01 having birefringent properties, a polyester type adhesive (linear 
expansion coefficient E 2 =1.2X10" 4 /°C) was used as the adhesives 102, 103, and glass substrates (linear expansion 
coefficient E 3 =95x10- 7 /°C) were used as the fixing substrates 104, 105. 

[01 17] The retardation value of the thin film of organic material 1 01 as a single body was 81 2 nm and the thickness 
was 45 pirn. Since the glass substrates 104, 105 and the adhesives 102, 103 had no birefringent properties, hence, 
30 they had no phase-difference producing function, the retardation value of the optical element 10 was 812 nm which 
was the same as that of the thin film of organic material 101 as a single body. Further, the transmission wavefront 
aberration of the optical element 10 was 0.006 Arms and extremely excellent wavefront characteristics could be ob- 
tained. 

[0118] The optical element 10 was installed in the optical head device shown in FIG. 21. The optical element 10 

35 formed by unifying a polarizing diffraction element 2 with a retarder 1 B having a retardation value of 5X/4 was disposed 
in an optical path between a semiconductor laser source 111 having an oscillated wavelength X in a wavelength band 
of 650 nm and an objective lens 115, and such optical system was disposed so as to oppose to an optical disk 116. 
Further, a photodetector 1 1 2 was disposed in an optical path in a diffraction direction of the polarizing diffraction element 
2. While light emitted from the semiconductor laser source 111 transmits through the polarizing diffraction element 2 

40 and the retarder 1 B, linearly polarized light is converted into circularly polarized light. The circularly polarized light is 
converged on the optical disk 1 1 6 by means of the objective lens 1 1 5, and reflected therefrom. The reflected light from 
the optical disk 116 transmits through the objective lens 115 and the retarder 1 B, whereby the circularly polarized light 
is converted into linearly polarized light. The linearly polarized light is diffracted by the polarizing diffraction element 2. 
Then, the diffraction light diffracted by the polarizing diffraction element is received by the photodetector 112. 

45 [01 19] As a result of using the optical element 1 0 as a polarizing diffraction type retarder of Example 2 in the optical 
head device, the adhesives absorbed thermal expansions caused in the thin film of organic material and the fixing 
substrates of the retarder even when there was a temperature change, whereby a deformation of the retarder was 
prevented and a predetermined phase difference could always be obtained stably. With this, a change of phase differ- 
ence, a change of the direction of retardation axis or a disturbance of the wavefront of laser light passing through the 

so retarder did not occur. Accordingly, a disadvantage such as a reduction of detected light quantity in the photodetector 
did not occur and excellent reproducing signals for the optical disk could be obtained. 

[EXAMPLE 3] 

55' [0120] In this example, a reflection type retarder 20A as shown in FIG. 5 was prepared. The retarder 20A was pre- 
pared by using uniaxially stretched polycarbonate (linear expansion coefficient E^^xlO^C) as the thin film of 
organic material 201 having a phase-difference producing function, a polyester type adhesive (linear expansion coef- 
ficient E2=1 .ZxlO^PC) as the adhesive 202 and a glass substrate (linear expansion coefficient Ea=95x 10 7 /°C) with 
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vapor-deposited aluminum in a thickness of 1 00 nm as the fixing substrate 204 having a reflecting function. The thick- 
ness of the thin film of organic material was 45 nm, which provided a retardation value of 408 nm (i.e., a phase difference 
of 57i/4) to light having a wavelength band of 652 nm which entered perpendicularly into and transmitted through the 
thin film of organic material, and a retardation value of 816 nm (i.e., a phase difference of 5n/2) which was double in 
value in a case of being reflected by the retarder with the thin film of organic material. 

[0121] As shown in FIG. 22, when light emitted from a semiconductor laser source 211 having a wavelength band 
of 652 nm transmits through a polarizer 221 , the light becomes linearly polarized light which is in parallel to an X axis 
and is incident into the retarder 20A. Here, an incident angle 6 is an angle formed between a normal line set up on the 
retarder 20A and the X axis. In this case, adjustment was made to the retarder 20A so that the ellipse ratio angle was 
about 45°, and the thin film of organic material was attached to the fixing substrate 204 at an aluminum film side by 
using the adhesive 202 so that the direction <j> of a slow axis of the thin film was at an angle of 42° to the X axis in the 
coordinate system shown in FIG. 22. 

[0122] In the retarder thus prepared, the incident angle dependence of a phase difference of reflected light was 
examined. As a result, light reflected by the retarder at an incident angle of 0=20-50° produced a retardation of 806-824 
nm. It shifted as slight as about 9 nm at the maximum from the retardation value of 81 6 nm in a case of perpendicularly 
incident, and the phase difference of the reflected light was about 5k/2 in a state of circularly polarized light. 
[0123] Further, the incident angle dependence of a phase difference was examined similarly by using a semicon- 
ductor laser source having a wavelength band of 780 nm. As a result, light reflected by the retarder at an incident angle 
of e=20-50° produced a retardation of 779-797 nm. It shifted as slight as about 9 nm at the maxi mum from the retardation 
value of 788 nm in a case of perpendicularly incident, and the phase difference of the reflected light was about 2rc in 
a state of linearly polarized light. 

[0124] Accordingly, the retarder 20A having such reflecting function could convert linearly polarized light having a 
wavelength band of 650 nm entering in a wide angular range of 9=20-50° into reflected light of substantially uniform 
circularly polarized light; rendered linearly polarized light having a wavelength band of 780 nm to be reflected light of 
the similar linearly polarized light, and could reduce the incident angle dependence of a phase difference to reflected 
light having each wavelength band. 

[EXAMPLE 4] 

30 [0125] An optical element 30 as shown in FIG. 8 in which an aperture controlling function and a wavefront aberration 
correcting function were added to the retarder was prepared. As the thin film of organic material 301 constituting the 
retarder, such one for producing a retardation value of A/4 to an averaged wavelength X between a wavelength band 
of 650 nm and a wavelength band of 780 nm was used (uniaxially stretched polycarbonate, linear expansion coefficient 
E^=B.2xMy^/°C). Further, a polyester type adhesive (linear expansion coefficient Eg=1.2x10*4/°C) was used as the 

35 adhesives 302, 303. 

[0126] A quartz substrate (linear expansion coefficient E 3 =5x 10' 7 /°C) was used as the transparent substrate 305 
having an aperture controlling function, and a periodic linear grating having a concave and convex shape in cross 
section was formed directly on the substrate in a peripheral region surrounding a central region including the optical 
axis of the transparent substrate by combining a photolithography method and an etching method. The depth of concave 
40 and convex portions was 2.9 urn so that light having a wavelength of 650 nm for DVD passed through the concave 
and convex portions without any diffraction, but the almost amount of incident light having a wavelength band of 790 
nm for CD did not passed through. 

[0127] A quartz substrate was also used as the transparent substrate 304 having a wavefront aberration correcting 
function, wherein a ringed belt-like groove was formed directly in a central region including the optical axis of the 

45 transparent substrate by combining a photolithography method and an etching method. The optical element 30 thus 
prepared was assembled in an optical head device as shown in FIG. 15. In the optical head device of FIG. 15, a 
semiconductor laser source 51 1 A having a wavelength band of 650 nm and a semiconductor laser source 51 1 B having 
a wavelength band of 780 nm were used as the light sources. Light emitted from each of the semiconductor laser 
sources transmit through collimator lenses 513A, 513B respectively and are introduced into a beam splitter 514 in 

so which the optical axes are agreed with each other. Then, the light transmit through a polarizing diffraction element 51 B. 
[0128] As the polarizing diffraction element 51 B, a polarizing hologram wherein a lattice-like concave and convex 
portion was formed in a thin film of polymerized liquid crystal having birefringent properties, and the concave and 
convex portion of the thin film of polymerized liquid crystal was filled with an optically isotropic medium having sub- 
stantially the same refractive index as the ordinary refractive index of the polymerized liquid crystal, was used. In this 

55 polarizing hologram, the diffraction efficiency varies depending on polarization directions of incident light. In a going 
path from the semiconductor laser source to the optical disk, a polarization direction of high transmittance is utilized, 
and in a returning path from the optical disk to the photodetector, a polarization direction of high diffraction efficiency 
is utilized. 
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[0129] Light transmitting through the polarizing diffraction element 51 B transmits through the optical element 30 
having both an aperture controlling function and a wavefront aberration correcting function of this example; is converged 
on the recording surface of an optical disk 516 by means of an objective lens 515, and is reflected by the optical disk. 
Reflected light from the optical disk is deflected slightly in its optical path by the optical element 30 and the polarizing 

5 diffraction element 51 B, and is introduced into respective photodetectors 51 2A, 51 2B through a beam splitter 514. 
[0130] In this example, by assembling the optical element 30 having an aperture controlling function and a wavefront 
aberration correcting function, as the optical element of the present invention in the optical head device, the number 
of parts constituting the optical head device could be reduced to thereby realize miniaturization. Further, since the 
optical element performed optimum aperture control at the time of reproducing CD and was capable of correcting the 

10 wavefront aberration, the aberration could be reduced, and good reproducing signals could be obtained. 

[EXAMPLE 5] 

[0131] This example will be described with reference to FIG. 10(a) and FIG. 10(b). A broadband phase plate was 
is prepared by laminated thin films of organic material 501 A, 501 B on fixing substrates 504, 505 made of glass having a 
thickness of 0.5 mm and fixing them by using UV curing type adhesives 502, 503. The thin film of organic material 
501 A is a phase plate having bi ref ringent properties wherein the retardation value obtained by stretching polycarbonate 
is 260 nm and the thickness is 30 urn. The thin film of organic material 501 B is a phase plate having birefringent 
properties wherein the retardation value obtained by stretching polycarbonate is 130 nm and the thickness is 30 urn. 
20 The thickness of each adhesive layer was about 5 urn. 

[0132] Materials for constituting the broadband phase plate, i.e., for the thin films of organic material 501 A, 501 B, 
the adhesives 502, 503 and the fixing substrates 504, 505, are the same as those of Example 1 . Accordingly, the linear 
expansion coefficients of the respective materials are the same as those in Example 1 . The retardation values and the 
optical axis directions were measured by using semiconductor laser light having a wavelength band of 660 nm. With 
25 measured optical axes, the thin films of organic materials were arranged so that the fast axis direction 509A among 
optical axes of the thin film of organic material 501 A is at an angle of about 54° with respect to the fast axis direction 
509B among optical axes of the thin film of organic material 501 B. 

[0133] In measuring the angles, a counterclockwise direction observed from a side of the thin film of organic material 
501 B was taken as positive (+) when it is assumed that the thin film of organic material 501 B is located above the thin 

30 film of organic material 501 A. By taking a direction of -1 8° (the sign concerning the angular direction is defined above) 
with respect to the fast axis direction 509B of the thin film of organic material 501 B as standard, the broadband phase 
plate was cut to have outer dimensions of 5 mm x 5 mm by a dicing saw to obtain a broadband phase plate element 
50. The fast axis direction 509 of the broadband phase plate was defined as an intermediate direction between re- 
spective fast axis directions of two laminated thin films of organic material. 

35 [01 34] The wavelength of emitted light from a semiconductor laser source having a wavelength band of 860 nm was 
taken as standard, and the ellipse ratio angle of the broadband phase plate element 50 was measured by using the 
second harmonic laser light having a wavelength band of 430 nm generated by using a non-linear optical crystal KNb0 3 
and emitted light from a semiconductor laser source having a wavelength band of 789 nm. The linear polarization 
direction 508 of the above-mentioned laser light having two kinds of wavelength was at an angle of -45° with respect 

40 to the fast axis direction 509 of the broadband phase plate element. The light was introduced from a side of the fixing 
substrate 504 of glass. The measured ellipse ratio angle was about 86° to the laser light having wavelength band of 
430 nm and about 88° to the wavelength band of 789 nm. Both were close to 90°, and sufficient properties in practical 
use were obtained. Further, the transmittance wavefront aberration of the broadband retarder 50, as a result of meas- 
uring with use of He-Ne laser light having a wavelength of 633 nm, was 0.025 mX m3 or less which was of sufficiently 

45 usable level as the optical element. 

[0135] The broadband retarder 50 was assembled as a quarter-wave plate 51 A in the optical head device shown in 
FIG. 15. As a light source, a semiconductor laser source 51 1B having a wavelength band of 789 nm was used, and 
as the other tight source, a semiconductor laser source having a wavelength band of 860 nm was disposed instead of 
the semiconductor laser source 511 A having a wavelength band of 660 nm. A non-linear optical crystal KNb0 3 (not 

50 shown) is disposed between the laser semiconductor laser source and a collimator lens 51 3A to convert the wavelength 
into 430 nm. As a result, satisfactorily circularly polarized light could be obtained with respect to the two kinds of linearly 
polarized light of a wavelength band of 430 nm and a wavelength band of 789 nm, and signal light having high efficiency 
of utilization of light could be obtained. 

55 [EXAMPLE 6] 

[0136] This example will be explained with reference to FIG. 23(a) and FIG. 23(b). As shown in FIG. 23(a), a fixing 
substrate 504 made of glass with an anti reflection film on its one surface to which laser light is incident (a lower surface 
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in the figure) was prepared. A film of poiyimide was formed on the surface at an optical disk side (an upper surface in 
the figure) of the fixing plate 504, and the film was subjected to a horizontally aligning treatment by rubbing, whereby 
a poiyimide aligning film (not shown) was formed. On the glass substrate subjected to an aligning treatment, a thin film 
of organic material of horizontally aligned polymerized liquid crystal was formed in a thickness of 3 u.m. Then, a pho- 
tolithography method and a dry etching method were conducted to prepare an organic grating 507 of polymerized liquid 
crystal having a pitch of 6 urn and a thickness of 3 

[01 37] As shown in FIG. 23(a), a broadband phase plate 51 A was prepared by bonding a thin film of organic material 
501B having birefringent properties (linear expansion coefficient £^6.2x1 0" 6 / o C) which had a retardation value of 
1 80 nm obtained by stretching polycarbonate and a thickness of 30 \im to a thin film of organic material 501 A having 
birefringent properties which had a retardation value of 360 nm obtained by stretching polycarbonate and a thickness 
of 30 nm by an adhesive 506 wherein the thin film of organic material 501 B was bonded on a fixing substrate 505 as 
a cover glass (linear expansion coefficient E 3 =95 x 1 0~ 7 /°C) with the anti reflection film on its upper surface by a polyester 
type UV curing adhesive 502 (linear expansion coefficient E 2 =1-2x10- 4 /°C). In this case, adjustment was made so 
that the fast axis direction 509A of the thin film of organic material 501 A was 60° with respect to the fast axis direction 
509B of the thin film of organic material 501 B. 

[01 38] Here, definition was made so that the fast axis direction 509 of the broadband phase plate was an intermediate 
direction between the respective fast axis directions of the two laminated thin films of organic material. In measuring 
angles, a counterclockwise direction observed from a side of the thin film of organic material 501 was taken as positive. 
Then, the surface at a side of the thin film of organic material 501 A of the broadband phase plate 51 A and the surface 
at a side of the organic grating 507 of the fixing substrate 504 of glass were bonded by an adhesive 503. In this case, 
arrangement was made so that the fast axis direction 509 of the broadband phase plate and the direction of linearly 
polarized light of incident laser light in a going path formed an angle of 45°, and the adhesive 503 was filled in spaces 
of the organic grating of polymerized liquid crystal 507. The adhesive 503 used here was an adhesive having a refractive 
index (n=1 .5) which was equal to the ordinary refractive index no of polymerized liquid crystal (ordinary refractive index 
n 0 =1.5, extraordinary refractive index n e =1.6) used for the organic grating. Finally, the laminate was cut by a dicing 
saw to prepare an optical element 51 in which the broadband phase plate 51 A having outer dimensions of 4 mm x 4 
mm and a thickness of about 1 .1 mm and the polarizing diffraction element 51 B were unified. 
[0139] Table 2 shows the optical characteristics of the thus prepared optical element in a wavelength band of 658 
nm and a wavelength band of 787 nm. it was confirmed that an ellipse ratio angle of 85° or more could be obtained to 
any of the wavelength bands of 658 nm and 787 nm, and the optical element functioned as a quarter-wave plate having 
a sufficient durability in practical use. 



Table 2 



Wavelength used for 
measurement 


Transmittance in going path 


Ellipse ratio angle of 
transmitted light 


Diffraction efficiency 


658 (nm) 


98.0 (%) 


87.5 (degree) 


76 (%) 


787 


97.5 


88.2 


60 



[0140] This optical element was designed so that the diffraction characteristics were optimum at a wavelength band 
of 660 nm. Accordingly, a sufficiently high transmittance could be obtained in practical use although the diffraction 
characteristics in a wavelength band of 790 nm were more or less lower than those in the wavelength band of 660 nm. 
Further, the wavefront aberration of transmitted light was good as 0.025 \ rm3 or less in a central portion (in a circle 
having a diameter of 2.5 mm) in the light incident/emitting plane of the polarizing diffraction element. 
[0141] This optical element 51 was installed in an actuator 517 for driving an objective lens 515 in an optical head 
device as shown in FIG. 1 5. As a result, sufficiently circularly polarized light was obtained with respect to the linearly 
polarized light having two kinds of wavelength: a wavelength band of 658 nm and a wavelength band of 787 nm. 
Further, the polarizing diffraction element functioned sufficiently to suppress the wavefront aberration, and signal light 
of extremely high efficiency of utilization could be obtained. 

[EXAMPLE 7] 

[0142] Example 7 is a concrete example concerning a retarder 60 as shown in FIG. 16. On a transparent fixing 
substrate 604 of glass (linear expansion coefficient £3=95x1 0' 7 /°C) having a refractive index of 1.5, a thin film of 
organic material 601 B (linear expansion coefficient £^6.2x1 0^/°C) formed by stretching polycarbonate to provide 
birefringent properties was fixed by a polyester type UV curing adhesive 602 (linear expansion coefficient Eg=1 .2x 1 0- 4 / 
°C). The retardation value of of the thin film of organic material 601 B was 362 nm. The value of is half of the 
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wavelength band value between a wavelength band of 660 nm for DVD and a wavelength band of 790 nm for CD used 
for the retarder. Then, a thin film of organic material 601 A having the same retardation value of 362 nm as the above 
by stretching polycarbonate similarly to provide birefringent properties was fixed by a polyester type U V curing adhesive 
606. In this case, the fixing was conducted so that the optical axis of the thin film of organic material 601 A and the 

5 optical axis of the thin film of organic material 601 B formed an angle of 67.5°. 

[0143] Further, a transparent fixing plate 605 having a refractive index of 1 .5 was bonded by using a polyester type 
UV curing adhesive 603 to thereby prepare the retarder 60. Linearly polarized light having two kinds of wavelength 
band introduced from a side of the fixing substrate 604 of the thus prepared retarder 60 was emitted with their polari- 
zation directions rotated 45° in a counterclockwise direction in the observation from a side of the fixing plate 605. On 

10 the other hand, linearly polarized light having two kinds of wavelength band introduced from a side of the fixing plate 
605 of the phase plate 60 was emitted with their polarization directions rotated 45° in clockwise direction in the obser- 
vation from a side of the fixing plate 605. 



15 



[EXAMPLE 8] 



[0144] The retarder 60 prepared in Example 7 was disposed between a beam splitter 61 4B and a col It mater lens 
613 of an optical head device as shown in FIG. 17. Two kinds of linearly polarized light whose the planes of polarized 
light were parallel to each other, emitted from a semiconductor laser source 611 A having a wavelength band of 660 
nm and a semiconductor laser source 611 B having a wavelength band of 790 nm were introduced into the retarder 60 

20 from a side of a transparent fixing plate 604 (FIG. 1 6). The retarder 60 was disposed in the optical head device so that 
the polarization direction of laser light and the optical axis of the thin film of organic material 601 B (FIG. 1 6) constituting 
the retarder 60 formed an angle of 55°. In the optical head device thus formed, light having a wavelength band of 660 
nm and light having a wavelength band of 790 nm converged on an optical disk 616 were both linearly polarized light 
having their polarization directions being in parallel to each other. 

25 [0145] FIG. 24 shows the wavelength dependence of ellipse ratio angles as a parameter indicating the linearity of 
polarized light. The solid line (A) in FIG . 24 shows the wavelength dependence of ellipse ratio angles of fight transmitting 
through the retarder 60 and converged on the optical disk in this example, and shows substantially linearly polarized 
light in a broad wavelength band of 600-900 nm. On the other hand, the dotted line (B) in FIG. 24 shows the wavelength 
dependence of ellipse ratio angles of light transmitting through a conventional half-wave plate to be converged on the 

30 optical disk designed with respect to a wavelength of 730 nm. The region of linearly polarized light (a region of zero 
ellipse ratio angle) is very narrow. 

[0146] FIG. 25 shows the wavelength dependence of polarization directions of light converged on the optical disk. 
The polarization direction means a long axis direction of eilipticaHy polarized light It is found from FIG. 25 that the 
polarization direction of light (solid line (A)) transmitting through the retarder 60 to be converged on the optical disk in 
35 this example and the polarization direction of light (dotted line (B)) transmitting through the conventional half-wave 
plate to be converged on the optical disk which was designed with respect to light having a wavelength band of 730 
nm are not substantially different, and that both the polarization direction of the light having a wavelength band of 660 
nm and the polarization direction of the light having a wavelength band of 790 nm are substantially 45°. 

40 [EXAMPLE 9] 

[0147] Example 9 is a concrete example of the optical element 71 shown in FIG. 1 9. On a transparent fixing substrate 
704 made of glass (linear expansion coefficient E 3 =95X10 7 /°C) having a refractive index of 1 .5, a thin film of organic 
material 701 made of polycarbonate (linear expansion coefficient E^^xlO-^C) having a retardation value of 1650 

45 nm to light having a wavelength band of 660 nm was fixed by an acrylic type adhesive 702 (linear expansion coefficient 
E 2 =1.1 xlO-VC). The phase difference produced in this case was 5rc in 2it (m r 1/2) where 17^=3. Further, the phase 
difference corresponding to the above-mentioned phase difference, with respect to linearly polarized light having a 
wavelength band of 790 nm was 4rc in 27tm 2 where m 2 =2. Then, two kinds of linearly polarized light having a wavelength 
band of 660 nm and a wavelength band of 790 nm were incident into the thin film of organic material with their polar- 

50 ization directions inclined 45° with respect to the fast axis direction of the thin film of organic material. 

[01 48] With such phase differences, the planes of polarized light of the two kinds of light having different wavelength 
bands cross perpendicularly after they have transmitted through the thin film of organic material 701 of polycarbonate 
because the polarization plane of the linearly polarized light having a wavelength band of 660 nm was rotated 90° and 
the polarization plane of the linearly polarized light having a wavelength band of 790 nm was not rotated. 

55 [0149] On the other hand, polyimide for an aligning film was coated on a transparent fixing substrate 705 having a 
refractive index of 1 .5 to form a film. An aligning treatment was conducted to the film by rubbing and then, a film of 
polymerized liquid crystal was formed on the aligned film. The refractive index of the polymerized liquid crystal was 
about 1 .6 in terms of the extraordinary refractive index n e and about 1.5 in terms of the ordinary refractive index n Q 
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after curing by photopolymerization. For the purpose of obtaining desired diffraction angle and diffraction efficiency to 
light having a wavelength band of 790 nm incident obliquely to the optical element 71 , a transparent substrate having 
such function that only one kind of polarized light was diffracted between two perpendicularly crossing polarized light 
was prepared by conducting alternately photolithography and etching three times to thereby process the polymerized 
s liquid crystal into a saw-teeth like grating 706 having 8 steps. The transparent substrate does not have a diffracting 
effect to light having a wavelength band of 660 nm. 

[0150] The optical element 71 having such diffracting function that only light having a wavelength band of 790 nm 
was diffracted to make the optical axis of the light coincident with the optical axis of light having a wavelength band of 
660 nm was prepared by fixing the thin film of organic material 701 to the transparent substrate so as to oppose the 
10 saw-teeth like grating 706 by using an acrylic type transparent filling adhesive 703 having a refractive index n 0 which 
was substantially equal to the ordinary refractive index r^, of the polymerized liquid crystal. 

[EXAMPLE 10] 

15 [0151] The optical element 71 having a deflecting function to light having a wavelength band of 790 nm, prepared 
in Example 9, was disposed between a two-wavelength semiconductor laser source 71 1 and a beam splitter 71 4 in an 
optical head as shown in FIG. 20. The positions of light emitting points 711 A and 711 B generating two-wavelengths 
were separated from each other so that the respective optical axes were not coincident with each other. However, with 
use of the optical element 71 , only light having a wavelength band of 790 nm was deflected so that it was made 

20 coincident with the optical axis of light having a wavelength band of 660 nm. As a result, a small wavefront aberration 
and excellent on-axial performance could be obtained, and good reproducing and recording could be carried out to 
optical disks of DVD and CD by using a photodetector 71 2 having a small light receiving surface area, commonly used 
in recording and reproducing information in the optical disks of CD and DVD. 

[0152] Further, instead of the saw-teeth like grating 706 (FIG. 1 9) having a simple linear grating pattern, a hologram 
25 pattern wherein the pitch of grating and the direction of grating are changed in a surface area may be formed whereby 
a spatial distribution of phase is given to diffracted light having a wavelength band of 790 nm; a phase difference of 
the diffracted light can be adjusted, and light converging properties to an optical disk can further be improved. Specif- 
ically, the coma aberration resulted in diffracted light having a wavelength band of 790 nm because of a difference 
between the optical axis of the light having a wavelength band of 790 nm and the optical axis of incident light having 
30 a wavelength band of 660 nm, or the chromatic aberration or the spherical aberration resulted from a wavelength 
dispersion of the refractive index of the optical element used in the optical head device, due to a difference between 
a wavelength band of 660 nm and wavelength band of 790 nm, can be corrected. 

[0153] Further, the same effect as above can be obtained by disposing the optical element 71 between the beam 
splitter 714 and the photodetector 712 in this optical head. 

35 

[EXAMPLE 11] 

[0154] Example 1 1 is a concrete example of the optical element shown in FIG. 9, and an application example having 
a structure that the phase plate comprising the thin film of organic material described in Example 6 and a diffraction 

40 grating are unified. FIG. 26 shows the structure of an optical element 80 in cross section according to this example. A 
thin film of organic material 801 made of polycarbonate (linear expansion coefficient £^6.2x1 o^/°C) having a retar- 
dation value of 181 nm was interposed between transparent fixing substrates 804, 805 made of quartz glass (linear 
expansion coefficient E 3 =5x10- 7 /°C) having a diffractive index of 1 .46 so that the phase difference produced in light 
having a wavelength of 725 nm as an intermediate wavelength between a wavelength band of ^=660 nm and a 

45 wavelength band of ^=790 nm was tc/2, and they were fixed by acrylic type adhesives layers 802, 803 (li near expansion 
coefficient E^l .1 xi O^C), whereby a phase plate as the optical element 80 was prepared. 
[0155] In this example, a diffraction grating 808A and a diffraction grating 808B each comprising a concave and 
convex portion having a uniform diffractive index are formed on surfaces of the fixing substrates 804, 805. The depth 
of grating 6^ of the concave and convex portion of the diffraction grating 808B is d 1 ^. 1 /(n 1 -1) where the refractive 

so index of a convex portion is n A , and the depth of grating d 2 of the concave and convex portion of the diffraction grating 
808A is d 2 ^^(n 2 -1) where the refractive index of a convex portion is n 2 . Specifically, the surfaces of the fixing sub- 
strates 805, 804 were etched directly to obtain d 1= 1 .43 |im and d 2 =1 .72 nm. As a result, in the diffraction grating 808B, 
the phase difference in the concave and convex portion is 2n to the wavelength but are not 2% to the wavelength 
A^. Further, in the diffraction grating 808A, the phase difference in the concave and convex portion is 2k to the wave- 

55 length ^ but not 2n to the wavelength X 1 . 

[0156] Accordingly, a wavelength-selective diffraction grating having different diffracting functions to light having dif- 
ferent wavelengths can be realized. Namely, as shown in FIG. 26, the diffraction grating 808A performs the diffracting 
function to incident light of wavelength X t , and produces the Oth-order light of about 71 % and the ± first-order light of 
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about 10%. On the other hand, the diffracting grating 808B performs the diffracting function to incident light of wave- 
length Xg, and produces the Oth-order light of about 63% and the ± first-order light of about 13%. 
[0157] This optical element 80 was disposed between two-wavelength semiconductor laser source 711 and the beam 
splitter 714 at an emitting side (not shown) of the optical element 71 in the optical head device shown in FIG. 20. Light 
of wavelength X^ emitted from the two-wavelength semiconductor laser source 711 is separated into 3 beams in total: 
one kind of the Oth-order light and two kinds of the ± first-order light by the optical element 80, which are used for 
detecting recorded information and tracking signals in the optical disk 716 of CD by a 3 beam method. Further, light 
of wavelength X 1 emitted from the two-wavelength semiconductor laser source 71 1 is separated into 3 beams in total: 
the Oth-order light and the ± first-order light by the optical element 80 which are used for detecting recorded information 
and tracking signals in the optical disk 716 of DVD by a differential push-pull method. 

[0158] Thus, in the optical head device installing the optical element 80 of this example, light of wavelength X, and 
light of wavelength are diffracted independently by the diffraction gratings 808A, 808B and accordingly, there is no 
reduction of efficiency and no stray light. Therefore, the recording and reproducing of information in optical disks of 
DVD and CD can stably be conducted. 

[0159] Further, linearly polarized light having the wavelength X^ and the wavelength X^. transmitting through the 
optical element 80 are rendered to be substantially circularly polarized light by a phase plate 801 (FIG. 26) comprising 
a thin film of organic material having birefringent properties. Here, the phase plate 801 is fixed to the fixing substrates 
804, 805 by the adhesive layers 802, 803. Accordingly, returning light reflected by the information recording surface 
of the optical disk and transmitting through the beam splitter 71 4 transmits again through the optical element 80, where- 
by the direction of linearly polarized light of the returning light is rendered to be perpendicular to the direction of linearly 
polarized light emitted from the laser oscillating source. Then, the returning light is incident into light emitting points of 
the semiconductor laser source. Accordingly, there is no interference between the returning light from the optical disk 
and the oscillated laser light, and no fluctuation of an oscillated output takes place, whereby the recording and repro- 
ducing of information in the optical disk can stably be conducted. 

[0160] In this example, description has been made as to the optical element 80 in which the diffraction grating 808A 
and the diffraction grating 808B are formed. However, an element structure provided with either diffraction grating may 
be used. Further, the broadband retarder 50 according to the seventh embodiment shown in FIG. 10 may be used 
instead of the above-mentioned retarder 80A. In this case, the broadband retarder 50 functions as a quarter-wave 
plate to the wavelength X 1 and the wavelength A^. Accordingly, the interference between the returning light from the 
optical disk and the oscillated laser light can further be reduced, and therefore, stability in recording and reproducing 
information in the optical disk can further be increased. 

[EXAMPLE 12] 

35 [0161] Example 12 is an application example of the optical element shown in FIG. 9 or FIG. 18, which has such 
structure described in Example 6 and Example 9 that the phase plate comprising the thin film of organic material and 
a polarizing diffraction grating are unified. FIG. 27 shows the structure of an optical element 81 in cross section of this 
example. In FIG. 27, the structure of a retarder 80A is the same as that of the optical element 70 in Example 9. A thin 
film of organic material 801 made of polycarbonate (linear expansion coefficient E^^xlO^C) was interposed be- 

40 tween fixing substrates 804, 805 made of glass (linear expansion coefficient E3=95x10" 7 / o C) and they were fixed by 
acrylic type adhesive layers 802, 803 (linear expansion coefficient E^l .1 x10^/°C). The thin film of organic material 
801 was adapted so that the polarization plane of linearly polarized light having a wavelength band of ^=660 nm was 
rotated 90° and the polarization plate of linearly polarized light having a wavelength band of ^2=790 nm was not rotated. 
Accordingly, after the light having two-wavelength bands whose the planes of polarized light were parallel to each other 

<5 had transmitted through the phase plate, their planes of polarized light were crossed perpendicularly. In this case, the 
two kinds of linearly polarized light having the wavelength X y and the wavelength X^ were incident into the thin film of 
organic material with their polarization directions inclined 45° with respect to the fast axis direction of the thin film of 
organic material. 

[0162] On the other hand, polarizing diffraction gratings 807A, 807B comprising polymerized liquid crystal formed 
50 on the fixing substrates 805, 809 of glass were prepared by the same manufacturing process as in Example 9. Here, 
the diffraction grating 807A was a linear grating of rectangular shape in cross section wherein the direction of polym- 
erized liquid crystal was aligned so that diffracted light was produced with respect to linearly polarized light of wave- 
length A2 and diffracted light was not produced with respect to linearly polarized light of wavelength A. 1 which crossed 
perpendicular to the linearly polarized light of wavelength X z . On the other hand, the diffraction grating 807B was a 
55 linear grating of rectangular shape in cross section wherein the aligned direction of polymerized liquid crystal was 
perpendicular to the aligned direction of the polymerized liquid crystal constituting the diffraction grating 807A so that 
diffracted light was produced with respect to linearly polarized light of wavelength ^ and diffracted light was not pro- 
duced with respect to linearly polarized light of wavelength The fixing substrates 805, 809 on which the diffraction 
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gratings 807A, 807B were formed were bonded by using a filling adhesive 806 having a refractive index which was 
substantially equal to the ordinary refractive index of the polymerized liquid crystal. 

[01 63] Linearly polarized light having a wavelength X 1 and a wavelength whose the planes of polarized light were 
parallel to each other were introduced into the optical element 81 having such structure. Then, the diffraction gratings 
5 807A and 807B could produce respectively the Oth-order light and the ± first-order diffracted light having a wavelength 
X 1 and a wavelength independently. The pitch of grating and the steps of grating d 1 and d 2 of the diffraction grating 
807A and the diffraction grating 807B were so determined that a desired diffraction angle and diffraction efficiency 
could be obtained. 

[0164] The optical element 81 of this example was disposed instead of the optical element 71 between the two- 
10 wavelength semiconductor laser source 711 and the beam splitter 714 of the optical head device shown in FIG. 20. 
Light having a wavelength ^ emitted from the two-wavelength semiconductor laser source 711 is separated into 3 
beams in total: one kind of the Oth-order light and two kinds of the ± first-order light by the optical element 81 , which 
are used for detecting recorded information and tracking signals in the optical disk 716 of CD by 3 beam method. 
Further, light having a wavelength X 1 emitted from the two-wavelength semiconductor laser source 711 is separated 
is into 3 beams in total: the Oth-order light and the ± first-order light by the optical element 81 , which are used for recorded 
information and tracking signals in the optical disk 716 of DVD by a differential push-pull method. 
[0165] Unlike Example 11, since there is no restriction for the steps of grating d 1 and d 2 of the diffraction gratings 
807B and 807A, which produce a phase difference of 2n with respect to either wavelength, designing can be flexible 
to obtain desired diffraction efficiency with respect to wavelengths functioning as diffraction grating. Such feature im- 
20 proves optically recording efficiency to an optical disk in an optical head device for recording information, and accord- 
ingly, it is suitable for a case that the efficiency of the Oth-order light be 80% or more and the ± first-order diffraction 
light be reduced. 

[0166] In FIG. 20, the case that the optical element 81 is disposed in place of the optical element 71 has been 
explained. However, the optical element 81 may be disposed at a light emission side of the optical element 71 . In this 

25 case, since incident light having a wavelength X 1 and a wavelength to the optical element 81 have already been 
perpendicularly crossing polarized light, the phase plate 801 is not used at a light incident side in the structure of the 
optical element 81 in FIG. 27. Instead, when a phase plate comprising a thin film of organic material (not shown) made 
of polycarbonate having a retardation value of 181 nm is unified with the optical element at its light emission side in 
the same manner as in Example 11 , the interference between returning light from the optical disk and oscillated laser 

30 light can be reduced, and the recording and reproducing of information in the optical disk can stably be conducted. 

INDUSTRIAL APPLICABILITY 

[0167] As described above, according to the present invention, an adhesive is coated on at least one surface of a 
35 thin film of organic material having birefringent properties and a phase-difference producing function; a fixing substrate 
having a transmitting or reflecting function is bonded to the thin film of organic material by the adhesive, and materials 
wherein relations of E^<E 2 and E 3 <E 2 where E^ is the linear expansion coefficient of the thin film of organic material, 
E 2 is the linear expansion coefficient of the adhesive and E 3 is the linear expansion coefficient of the fixing substrate, 
and the glass transition temperature of the thin film of organic material is 150°C or more, are selected. Accordingly, 
to the temperature characteristics of a phase difference can be obtained in the direction of suppressing a temperature 
change of oscillated wavelength from a semiconductor laser source, and therefore, a phase difference can be kept to 
a constant value even when there is a fluctuation of the wavelength of emitted light from a semiconductor laser source 
due to a temperature change. In particular, a predetermined phase-difference producing function can be maintained 
stably even in a high temperature region. Further, expansions of the thin film of organic material and the fixing substrate 
45 with a temperature rise can be absorbed by the adhesive, and a deformation of the retarder can be prevented. Accord- 
ingly, a retarder free from a change of phase difference, a change of the retardation axis direction and a disturbance 
of the wavefront of laser light transmitting through the retarder can be provided. 

[0168] Further, by combining a polarizing diffraction element having different diffraction efficiencies depending on 
polarization directions of incident light with the above-mentioned phase plate, a fluctuation of the oscillated wavelength 
50 of semiconductor laser due to temperature can be compensated in the retarder, and accordingly, a change of diffraction 
efficiency due to temperature in the diffraction element can be prevented. As a result, an optical element minimizing 
the transmission wavefront aberration and being compact, and having both functions as a polarizing diffraction element 
and retarder can be obtained. 

[0169] Further, by giving at least one function among an aperture controlling function, a wavefront aberration cor- 
55 recting function and a diffracting function to at least one of transparent substrates as fixing substrates of the retarder, 
an optical element having a plurality of functions such as a phase-difference producing function can be formed. Further, 
by assembling the optical element in an optical head device, the number of parts constituting the optical head device 
can be reduced, and the size-reduction can be achieved. 
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[0170] Further, a broadband phase ptate is disposed between a light source and an objective iens in an optical head 
device, and the broadband phase plate comprises two phase plates which are piled up so that respective optical axes 
cross to each other wherein the retardation value of the phase plate to which laser light is first incident, is larger than 
the retardation value of the phase plate to which laser light is incident secondly, and the ratio of these retardation values 

5 is 1 .8-2.2. With this structure, the broadband phase plate functions as a quarter-wave plate with respect to transmitting 
laser light which is polarized linearly and has different wavelengths, whereby linearly polarized light can be transformed 
into circularly polarized light. Accordingly, by assembling the broadband phase plate in the optical head device, signal 
light detected as reflected returning light having different wavelengths from the optical disk becomes signal light having 
high efficiency of utilization of light. 

10 [01 71 ] Further, the retarder of the present invention can provide the same phase difference with respect to laser light 
having both wavelengths for CD and DVD while a state of linear polarization is maintained, and the polarization direc- 
tions of the laser light having the both wavelengths can be rotated by the same angle. By installing such retarder in 
the optical head device, the optical head device which minimizes error in recording or reproducing information in the 
optical disk and detects signal stably, can be realized. 

15 [0172] Further, in the retarder of the present invention, linearly polarized light having two different kinds of wavelength 
whose planes of polarized light are in parallel to each other can be crossed perpendicularly. By adding a polarizing 
diffracting function to such retarder, a diffraction element having wavelength selectivity can be obtained. Further, by 
installing it in an optical head device having a two-wavelength semiconductor laser source in which positions of light 
emitting points are slightly different, the optical axes of two kinds of linearly polarized light can be agreed with each 

20 other. Further, 3 beams for detecting signals can be formed for each wavelength. As a result, each optical part in the 
device can perform good optical performance, and an optical head device, which can detect signals stably and lessen 
error in recording or reproducing information by using a photodetector used in common for two-wavelengths, can be 
realized, and size-reduction and the weight-reduction can be realized. 

25 

Claims 

1 . A retarder comprising: 

30 a thin film of organic material (1 01 - 801 ) having birefringent properties, 

an adhesive (102, 103 - 802, 803) coated on at least one surface of the thin film of organic material, and 
a fixing substrate (104, 105 - 804, 805) having transmitting or reflecting properties, bonded to the thin film of 
organic material by the adhesive (1 02, 1 03 - 802, 803), wherein among the linear thermal expansion coefficient 
E 1 of the thin film of organic material (1 01 - 801 ), the linear thermal expansion coefficient E2 of the adhesive 

35 and the linear thermal expansion coefficient E 3 of the fixing substrate, relations E 1 <E 2 and E 3 <E 2 are satisfied. 

2. The retarder according to Claim 1 , wherein said thin film (1 01 - 801 ) includes at least one organic material selected 
from the group consisting of polycarbonate, polyimide, polyallylate, polyethersuifone, (alicyclic) polyolefin, poly 
(meth)acrylate, polyetherimide and polymerized liquid crystal. 

40 

3. The retarder according to Claim 1 or 2, wherein the adhesive (1 02, 1 03 - 802, 803) includes at least one organic 
material selected from the group consisting of acryl type, epoxy type, urethane type and polyester type. 

4. An optical head device comprising: 

45 

a semiconductor laser light source (111; 511 A, 511 B - 711 A, 711 B), 

an objective tens(11 5, 515 - 715) for converging laser light emitted from the semiconductor laser light source 
(111;511A,511B-711A,711B), 

an optical recording medium (116; 516 - 716) to which the laser light is converged and introduced, 
50 a photodetector (112; 51 2A, 51 2B; 612; 712) for receiving reflected light from the optical recording medium 

(116; 516-716) and, 

an optical element comprising a retarder as described in Claim 1, 2 or 3 and a polarizing diffraction element 
(2; 51 B) having different diffraction efficiencies depending on a state of polarization of incident light wherein 
the optical element is located either in an optical path from the laser light source (111; 511 A, 511 B - 711 A, 
55 71 1B) to the optical recording medium (116; 516 - 716), or an optical path from the recording medium (116; 

516 - 716) to the photodetector (112; 51 2A, 51 2B; 612; 712). 

5. Optical element comprising a retarder as described in either claim 1 , 2 or 3, wherein a structure having at least 
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one element among the following three elements is formed on a fixing substrate (104, 105 - 804, 805) on which 
said retarder described in either Claim 1 , 2 or 3 is formed: 

(1) an aperture controlling element (30, 305) provided with a first region in a central portion, which transmits 
5 light having two or more kinds of wavelengths and a second region surrounding said first region, which reflects 

or diffracts light having one or more kinds of wavelength 

(2) said retarder further having a ringed belt-like groove for correcting the wavefront of transmitted light in a 
central portion, which transmits light having two or more kinds of wavelengths, and 

(3) a diffraction element (51 B) having a periodic concave and convex portion in cross-sectional view, which 
10 diffracts incident light. 

6. Optical head device comprising the optical element described in claim 5, wherein laser light emitted from a sem- 
iconductor laser source (111; 511A, 511B - 711 A, 711B) is converged by an objective lens (115, 515 - 715) intro- 
duced into an optical recording medium (116; 516 - 716), and reflected light from the optical recording medium is 
15 received by a photodetector (112; 51 2A, 51 2B; 612; 712), said optical head device being characterized in that 

the optical element described in Claim 5 is located either in the optical path from the laser light source to the optical 
recording medium (116; 516 - 716), or in the light path from the optical recording medium (116; 516 - 716) to the 
photodetector (112; 51 2A, 51 2B; 612; 712). 

20 7. An optical head device comprising: 

a semiconductor laser light source (111; 511 A, 511B - 711 A, 711 B) for emitting linearly polarized light having 
wavelengths X, and ^ (X^<X^ t 

an objective lens (1 1 5, 51 5 - 71 5) for converging the laser light emitted from said semiconductor laser source, 
25 an optical recording medium (11 6; 516 - 716) to which the laser light is converged and introduced, 

a photodetector (112; 51 2A, 51 2B; 612; 712) for receiving reflected light from the optical recording medium 
(116; 516-716), and 

a retarder according to Claim 1 , 2 or 3 located in the optical path from the laser light source to the optical 
recording medium wherein the linearly polarized light having wavelengths X 1 and X^ are incident on said re- 
30 tarder, two thin films of organic material (101 - 801) having birefringent properties each thin film having a 

retardation value of A/2 with respect to the linearly polarized light having a wavelength X in a relation of X 1 < 
X < X2 are piled up so that the respective optical axes are crossed, and when the linearly polarized Eight having 
wavelengths X 1 and are transmitted through said thin films of organic material (101 - 801), the planes of 
polarized light are rotated by the same angle. 

35 

8. An optical head device comprising: 

a semiconductor laser light source (1 1 1 ; 51 1 A, 51 1 B - 71 1 A, 71 1 B) for emitting two kinds of linearly polarized 
light having different wavelengths and the planes of polarized light parallel to each other, 

to an objective lens (1 1 5, 51 5 - 71 5) for converging the laser light emitted from the semiconductor laser source, 

an optical recording medium (1 1 6; 51 6 - 71 6) to which the laser light is converged and introduced, 
a photodetector (1 1 2; 51 2A, 51 2B; 61 2; 71 2) for receiving reflected light from the optical recording medium, and 
a retarder according to Claim 1 , 2 or 3 located either in the optical path from the laser light source (1 1 1 ; 51 1 A, 
51 1B - 711 A, 71 1B) to the optical recording medium (116; 516 - 716), or in the optical path from the optical 

45 recording medium (116; 516 - 716) to the photodetector (112; 512A, 512B; 612; 712), wherein the retarder 

comprises a thin film of organic material (101 - 801) to produce a phase difference of 2jz (m r 1/2), being 
a natural integer, with respect to the kind of linearly polarized light and a phase difference of 2k m 2 , m 2 being 
a natural integer, with respect to the other kind of linearly polarized light when the two kinds of linearly polarized 
light having different wavelengths are transmitted therethrough with an inclination of 45° in a polarization di- 

50 rection of its fast axis, whereby the planes of polarized light provided by the linearly polarized light of two kinds 

of wavelengths are perpendicular. 



Patentanspruche 

55 

1 . Verzogerer bzw. Retarder, umfassend: 

einen dunnen Rim bzw. eine dunne Folie aus organischem Material (101-801), welches doppelbrechende 
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Eigenschaften aufweist, 

einen Haft- bzw. Klebstoff (102, 103 - 802, 803), welcher auf wenigstens eine Oberflache des dunnen Films 
aus organischem Materia! beschichtet ist, und 

ein festtegendes bzw. Befestigungssubstrat (1 04, 105 - 804, 805), welches transmittierende oder reflektieren- 
de Eigenschaften aufweist, welches mit dem dunnen Rim aus organischem Material durch den Klebstoff (1 02, 
1 03 - 802, 803) verbunden ist, wobei unter dem linearen thermischen Expansionskoefflzienten des dunnen 
Rims aus organischem Material (101 * 801), dem linearen thermischen Expansionskoefflzienten Eg des Kleb- 
stoffs und dem linearen thermischen Expansionskoeffizierrten E 3 des festlegenden Substrats Beziehungen 
E^<E 2 und E 3 <E 2 erfulrt sind. 

Verzogerer nach Anspruch 1 , wobei der dunne Rim (101 - 801) wenigstens ein organisches Material beinhaftet, 
gewahlt aus der Gruppe, bestehend aus Polycarbonat, Polyimid, Polyallylat, Polyethersulfon, (alizyklisches) Po- 
lyolefin, Poly(meth)acrylat, Polyetherimid und polymerisierter Russigkristall. 

Verzogerer nach Anspruch 1 Oder 2, wobei der Klebstoff (1 02, 1 03 - 802, 803) wenigstens ein organisches Material 
beinhattet, gewahlt aus der Gruppe, bestehend aus Acryltyp, Epoxytyp, Urethantyp und Polyestertyp. 

Optik-Kopf bzw. Optik-Kopf-Vorrichtung, umfassend: 

eine Halbleiterlaser-Lichtquelle (111; 511 A, 511 B - 711 A, 711 B), 

eine Objektivlinse (115, 515 - 715) zum Konvergieren bzw. Bundeln von Laserlicht, welches von der Halblei- 
terlaser-Lichtquelle (111 ; 511 A, 511 B - 711 A, 711 B) emittiert ist, 

ein optisches Aufzeichnungsmedium (1 1 6; 51 6 - 71 6), auf welches das Laserlicht gebundelt und eingebracht 
ist, 

einen Photodetektor (112; 512A, 512B; 612; 712) zum Empfangen bzw. Aufnehmen von reflektiertem Licht 
von dem optischen Aufzeichnungsmedium (116; 516 - 716), und 

ein optisches Element, umfassend einen Verzogerer bzw Retarder, wie er in Anspruch 1 , 2 Oder 3 beschrieben 
ist, und ein polarisierendes Diff raktions- bzw. Beugungselement (2; 51 B), welches unterschiedliche Beugungs- 
effizienzen bzw. -grade in Abhangigkeit von einem Zustand einer Polarisation von einfallendem Licht aufweist, 
wobei das optische Element entweder in einem optischen Weg bzw. Pfad von der Laser-Lichtquelle (111; 
511 A, 511 B - 711 A, 711B) zu dem optischen Aufzeichnungsmedium (116; 516 - 716) oder einem optischen 
Weg von dem Aufzeichnungsmedium (116; 516 - 716) zu dem Photodetektor (112; 51 2A, 51 2B; 612; 712) 
angeordnet ist. 

Optisches Element, umfassend einen Verzogerer bzw. einen Retarder, wie er in einem der Anspruche 1 , 2 oder 
3 beschrieben ist, wobei eine Struktur, welche wenigstens ein Element aus den foigenden drei Elementen aufweist, 
auf einem fixierenden bzw. Festlegungssubstrat (1 04, 1 05 - 804, 805) ausgebildet ist, auf welchem der Verzogerer, 
der in einem der Anspruche 1, 2 oder 3 beschrieben ist, ausgebildet ist: 

(1) ein eine Apertur bzw. Gffnung regelndes bzw. steuerndes Element (30, 305), welches mit einer ersten 
Region bzw. einem ersten Bereich in einer zentralen Region, welche Licht transmittiert, welches zwei oder 
mehr Arten von Wellenlangen aufweist, und einer zweiten Region versehen ist, welche die erste Region urn- 
gibt, welche Licht reflektiert oder beugt, welches eine oder mehrere Arten von Wellenlangen aufweist; 

(2) den Verzogerer, welcher weiters eine umschlie&ende gurtartige Rille bzw. Nut zum Korrigieren der Wel- 
lenfront von in einem zentralen Abschnitt transmittiertem Licht aufweist, welcher Licht transmittiert, welches 
zwei oder mehr Arten von Wellenlangen aufweist, und 

(3) ein Diffraktions- bzw. Beugungselement (51 B), welches einen periodischen konkaven und konvexen Ab- 
schnitt in einer Querschnittsansicht aufweist, welcher einfallendes Licht beugt. 

Optik-Kopf, umfassend das optische Element nach Anspruch 5, wobei Laserlicht, welches von einer Halbleiterla- 
serquelle (111 ; 511 A, 511B - 711A, 711 B) emittiert wird, durch eine Objektivlinse (115, 515 - 715) gebundelt wird, 
welche in ein optisches Aufzeichnungsmedium (116; 516 - 716) eingebracht ist, und reflektiertes Licht von dem 
optischen Aufzeichnungsmedium durch einen Photodetektor (112; 51 2A, 51 2B; 612; 712) aufgenommen wird, 
wobei der Optik-Kopf dadurch gekennzeichnet ist, daB das in Anspruch 5 beschrieben e optische Element ent- 
weder in dem optischen Weg bzw. Pfad von der Laserlichtquelle zu dem optischen Aufzeichnungsmedium (116; 
51 6 - 71 6) oder in dem Lichtweg von dem optischen Aufzeichnungsmedium (1 1 6; 51 6 - 71 6) zu dem Photodetektor 
(112; 51 2A, 51 2B; 612; 712) angeordnet ist. 
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7. Optik-Kopf, umfassend: 

eine Halbleiterlaser-Lichtquelle (111 ; 511 A, 511 B - 711 A, 711 B) zum Emittieren von linear polarisiertem Licht, 
welches Wellenlangen X 1 und >^ (A^A^) aufweist, 
5 eine Objektivlinse (115, 515-715) zum Konvergieren bzw. Bundeln des Laserlichts, welches von der Halblei- 

terlaserquelle emittiert wird, 

ein optisches Aufzeichnungsmedium (116; 516 - 716), auf welches das Laserlicht gebundelt und eingebracht 
wird, 

einen Fotodetektor (112; 51 2A, 51 2B; 612; 712) zum Aufnehmen von reflektiertem Licht von dem optischen 

10 Aufzeichnungsmedium (116; 516 - 716), und 

einen Verzogerer bzw. Retarder gemaft Anspruch 1 , 2 Oder 3, welcher in dem optischen Weg bzw. Pfad von 
der Laserlichtquelle zu dem optischen Aufzeichnungsmedium angeordnet ist, wobei das linear polarisierte 
Licht, welches Wellenlangen X 1 und aufweist, auf den Verzogerer auffallt, wobei zwei dunne Rime bzw. 
Folien aus organischem Material (1 01 - 801 ), welche doppelbrechende Eigenschaften aufweisen, wobei jeder 

15 dunne Film einen Verzogerungswert bzw. Phasenverschtebungswert von A/2 in bezug auf das linear polari- 

sierte Licht aufweist, welches eine Welienlange A. in einer Beziehung von A^<X<A^ aufweist, so gestapelt sind, 
daG sich die entsprechenden optischen Achsen kreuzen, und wenn das linear polarisierte Licht, welches Wel- 
ienlange A., und A2 aufweist, durch die dunnen Rime aus organischem Material (1 01 - 801 ) transmittiert wird, 
die Ebenen des poiarisierten Lichts urn denselben Winkel gedreht werden. 

20 

8. Optik-Kopf, umfassend: 

eine Halbieiterlaser-Lichtquelle (111; 511 A, 511 B - 711 A, 711 B) zum Emittieren von zwei Arten von linear 
polarisiertem Licht, welches unterschiediiche Wellenlangen und die Ebenen von polarisiertem Licht parallel 
25 zuei nander aufweist, 

eine Objektivlinse (115, 515 - 715) zum Konvergieren bzw. Bundeln des Laserlichts, welches von der Halb- 
ieiterlaserquelle ausgesandt bzw. emittiert wird, 

ein optisches Aufzeichnungsmedium (1 1 6; 51 6 - 71 6), auf welches das Laserlicht gebundelt und eingebracht 
wird, 

30 einen Photodetektor (112; 51 2A, 51 2B; 612; 712) zum Empfangen von reflektiertem Licht von dem optischen 

Aufzeichnungsmedium, und 

einen Verzogerer bzw. Retarder gemlB Anspruch 1 , 2 oder 3, weicher entweder in dem optischen Weg bzw. 
Pfad von der Laserlichtquelle (111 ; 511 A, 511 B - 711 A, 711 B) zu dem optischen Aufzeichnungsmedium (116; 
516-716) oder in dem optischen Weg von dem optischen Aufzeichnungsmedium (116; 516 - 716) zu dem 
35 Photodetektor (112; 51 2A, 51 2B; 612; 712) angeordnet ist, 

wobei der Verzogerer einen dunnen Rim bzw. eine dunne Folie aus organischem Material (1 01 - 801 ) umfaBt, urn 
eine Phasendifferenz von 2it (m r 1/2) zu erzeugen, wobei m 1 eine naturliche ganze Zahl in bezug auf die Art von 
linear polarisiertem Licht und eine Phasendifferenz von 27im 2 ist, wobei m 2 eine naturliche ganze Zahl in bezug 
40 auf die andere Art von linear polarisiertem Ucht ist, wenn die zwei Arten von linear polarisiertem Licht, welche 

unterschiediiche Wellenlangen aufweisen, dadurch mit einer Neigung von 45° in einer Polarisationsrichtung ihrer 
schnellen Achse transmittiert werden, wodurch die Ebenen von polarisiertem Licht, welches durch das linear po- 
larisierte Ucht von zwei Arten von Wellenlangen zur Verfugung gestellt wird, normal bzw. senkrecht sind. 

45 

Revendications 

1 . Retardateur, comprenant : 

50 U n film mince de materiau organique (1 01 - 801 ) ayant des proprietes de birefringence, 

un adhesif (1 02, 1 03 - 802, 803) applique en rev§tement sur au moins une surface du film mince de materiau 
organique, et 

un substrat de fixation (104, 105 - 804, 805) ayant des proprietes de transmission ou de reflexion, lie au film 
mince de mat6riau organique par I'adhesif (102, 103 - 802, 803), dans lequel, entre le coefficient de dilatation 
55 thermique lineaire E 1 du film mince de materiau organique (101 - 801), le coefficient de dilatation thermique 

lineaire E 2 de I'adhesif et le coefficient de dilatation thermique lineaire E 3 du substrat de fixation, les relations 
E 1 < E 2 et E 3 < E 2 sont satisfaites. 
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Retardateur selon la revendication 1, dans lequel ledrt film mince (101 - 801) comprend au moins un materiau 
organique selectionne dans le groupe constitue par un polycarbonate, un polyimide, un polyallylate, une polye- 
thersulfone, une polyolefine (alicyclique), un poly(meth)acrylate, un polyetherimide et des cristaux liquides poly- 
merises. 

Retardateur selon )a revendication 1 ou 2, dans lequel Tadhesif (102, 103 - 802, 803) comprend au moins un 
materiau organique s6lectionn6 dans le groupe constitue d'un materiau du type acryle, d'un materiau du type 
epoxy, d'un materiau du type urethanne et d'un materiau du type polyester. 

Dispositif formant t§te optique, comprenant : 

une source de lumiere laser a semi-conducteur (111 ; 511 A, 511 B - 711 A, 71 1B), 

une lentille d'objectif (115, 515 - 715) pour faire converger la lumiere laser emise par la source de lumiere 
laser a semi-conducteur (1 1 1 ; 51 1 A, 51 1 B - 71 1 A, 71 1 B), 

un support d'enregistrement optique (11 6 ; 516 - 716) vers lequel la lumiere laser est amende a converger et 
dans lequel elle est introduite, 

un photodetecteur (112 ; 512A, 512B ; 612 ; 712) pour recevoir la lumiere reflechie par le support d'enregis- 
trement optique (116 ; 516 - 716), et 

un element optique comprenant un retardateur tel que decrit dans la revendication 1 , 2 ou 3 et un element de 
diffraction de polarisation (2 ; 51 B) ayant differentes efficacies de diffraction fonction d'un etat de polarisation 
d'une lumiere incidente, ('element optique etant positionne soit dans un trajet optique allant de la source de 
lumiere laser (111 ; 511 A, 511 B - 711 A, 711 B) jusqu'au support d'enregistrement optique (116 ; 516 - 716), 
soit dans un trajet optique allant du support d'enregistrement (1 1 6 ; 51 6 - 71 6) jusqu'au photodetecteur (112; 
51 2A, 512B;612;712). 

Element optique comprenant un retardateur tel que decrit dans la revendication 1 , 2 ou 3, dans lequel une structure 
ayant au moins un element parmi les trois elements suivants est formee sur un substrat de fixation (104, 105 - 
804, 805) sur lequel est forme ledit retardateur decrit dans la revendication 1 , 2 ou 3: 

(1) un element de commande d'ouverture (30, 305) muni d'un premiere zone s'rtuee dans une partie centrale, 
qui transmet une lumiere ayant deux ou plus de deux types de longueurs d'onde, et d'une seconde zone 
entourant ladite premiere zone, qui reflechit ou diffracte une lumiere ayant un ou plusieurs types de longueurs 
d'onde, 

(2) ledit retardateur ayant en outre une gorge analogue a une bande annulaire pour corriger le front d'onde 
de la lumiere transmise dans une partie centrale, qui transmet une lumiere ayant deux ou plus de deux types 
de longueurs d'onde, et 

(3) un element de diffraction (51 B) ayant une partie periodique concave et convexe en coupe transversale, 
qui diffracte une lumiere incidente. 

Dispositif formant tete optique comprenant Celement optique decrit dans la revendication 5, la lumiere laser emise 
a partir de la source laser a semi-conducteur (111 ; 511 A, 51 1 B - 71 1 A, 71 1 B) etant amende a converger par une 
lentille d'objectif (115, 515 - 715), introduite dans un support d'enregistrement optique (116 ; 516 - 716), et la 
lumiere reflechie par le support d'enregistrement optique etant regue par un photodetecteur (112 ; 512A, 512B ; 
612 ; 712), (edit dispositif formant tete optique etant caract6ris6 en ce que I*ei6ment optique decrit dans la re- 
vendication 5 est positionne soit dans le trajet optique allant de la source de lumiere laser jusqu'au support d'en- 
registrement optique (116 ; 516 - 716), soit dans le trajet de lumiere allant du support d'enregistrement optique 
(1 1 6 ; 51 6 - 71 6) jusqu'au photodetecteur (1 1 2 ; 51 2A, 51 2B ; 61 2 ; 71 2). 

Dispositif formant t§te optique, comprenant : 

une source de lumiere laser a semi-conducteur (111 ; 511 A, 511 B - 711 A, 711 B) pour 6mettre une lumiere 
polarisee lineairement ayant des longueurs d'onde ^ et ^ (X 1 < A^), 

une lentille d'objectif (115, 515 - 715) pour faire converger la lumiere laser emise par ladite source laser a 
semi-conducteur, 

un support d'enregistrement optique (11 6 ; 516 - 716) vers lequel la lumiere laser est amen6e a converger et 
dans lequel elle est introduite, 

un photodetecteur (112 ; 512A, 512B ; 612 ; 712) pour recevoir la lumiere reflechie par le support d'enregis- 
trement optique (116 ; 516 - 716), et 
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un retardateur selon ia revendication 1 , 2 ou 3 positionne dans le trajet optique allant de la source de lumiere 
laser jusqu'au support d'enregistrement optique, dans lequel la lumiere polarisee lineairement ayant des lon- 
gueurs d'onde ^ et X2 est incidente sur (edit retardateur, deux films minces de materiau organique (1 01 - 801 ) 
ayant des proprietes de birefringence, chacun des films minces ayant une valeur de retard de A/2 par rapport 
a la lumiere polarisee lineairement ayant une longueur d'onde X selon une relation X 1 < X < X2, sont empiles 
de maniere a ce que les axes optiques respectifs se croisent, et lorsque la lumiere polarisee lineairement 
ayant des longueurs d'onde ^ et est transmise a travers lesdits films minces de materiau organique (1 01 

- 801), les plans de la lumiere polarisee tournent d'un meme angle. 

Dispositif formant tete optique, comprenant : 

une source de lumiere laser a semi-conducteur (111 ; 511 A, 511 B - 711 A, 711 B) pour emettre deux types de 
lumiere polarisee lineairement ayant des longueurs d'onde differentes et les plans de lumiere polarisee etant 
paralleles I'un a Pautre, 

une lentiile d'objectif (115, 515 - 715) pour faire converger la lumiere laser emise par ladite source laser a 
semi-conducteur, 

un support d'enregistrement optique (116 ; 516 - 716) vers lequel la lumiere laser est amenee a converger et 
dans lequel elle est introduite, 

un photodetecteur (112 ; 512A, 512B ; 612 ; 712) pour recevoir de la lumiere reflechie par le support d'enre- 
gistrement optique, et 

un retardateur selon la revendication 1, 2 ou 3 positionne soit dans le trajet optique allant de la source de 
lumiere laser (111 ; 511 A, 511 B - 711 A, 711 B) jusqu'au support d'enregistrement optique (116 ; 516 - 716), 
soit dans le trajet optique allant du support d'enregistrement optique (1 1 6 ; 51 6 - 71 6) jusqu'au photodetecteur 
(1 1 2 ; 51 2A, 51 2B ; 61 2 ; 71 2), dans lequel le retardateur comprend un film mince de materiau organique (1 01 

- 801) pour produire une difference de phase de 2^(m r 1/2), m A etant un entier naturel, en ce qui concerne 
un type de lumiere polarisee lineairement, et une difference de phase de 2n m 2 , m 2 etant un entier naturel, 
en ce qui concerne i'autre type de lumiere polarisee lineairement, lorsque les deux types de lumiere polarisee 
lineairement ayant des longueurs d'onde differentes sont transmis a travers celui-ci avec une inclinaison de 
45° dans une direction de polarisation de son axe rapide, les plans de lumiere polarisee fournis par la lumiere 
polarisee lineairement ayant deux types de longueurs d'onde etant perpendiculaires. 
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FIG. 11 (a) 
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